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ABSTRACT 

The present research was an attempt to study the challenges and prospects of 

Geography teaching at the secondary lev_el . of education in Bangladesh and 

to suggest some ways out. Though the study was based on the status and 

challenges of Geography teaching in Bangladesh, in the course of the study 

the researcher has tried to identify needs for teaching Geography in schools 

as well as needs for Geography teachers for professional development. 
J 

Mixed method was used to conduct the study. This study employed 
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ABSTRACT  
 

Dina, MS 2013. Factors Affecting the Semen Production and Semen Quality of Bulls 
used for Artificial Insemination M.Phil Thesis, Institute of Biological Sciences, 

University of Rajshahi, Rajshahi-6205, Bangladesh, pages. 1-196 
 

The present study was to evaluate the semen production and semen quality in relation 
to bull ID, breed, age, body weight, body condition, libido, testicular circumference, 
season and Artificial Insemination (AI) centres from 16 bulls used for AI programme 
in Bangladesh. The study was conducted at District AI Centres (DAIC), Rajshahi and 
Rajshahi Dairy & Cattle Improvement Farm (RDCIF) Rajabarihat, Rajshahi, AI sub 
centres / points under the Rajshahi district and Dept. of Animal Husbandry and 
Veterinary Science, University of Rajshahi duration from July, 2011 to June, 2013. 
The average values of semen production such as volume of ejaculate, colour, mass 
activity, density, sperm concentration, sperm motility, total number of sperm cells 
/ejaculate, number of semen doses per collection were 7.67±2.17ml, 3.06±0.98 
(scale:1-4), 2.91±0.74 (scale:1-5), 3.56±0.77 (scale:1-4), 1330.46±313.32 million/ml, 
62.94±5.32%,  10112.88±3521.12 million/ejaculate 337.10±117.37  respectively. 
Individual bull had significant effect (P<0.05) on only volume of ejaculate and colour 
of semen. Six breeds of the bull such as L×F×SL×F×F, SL×F, L×F×F, L×F, (L×F)2, 
L×F(L×F×F) had significant (P<0.05) effect on all the semen characteristics. The 
significant (P<0.05) highest volume (8.23±2.47 ml) was found in L×F×SL×F×F breed 
and lowest (5.97±2.36 ml) in L× F×(L×F×F) breed. Significantly (P<0.05) highest 
values of sperm motility (63.48±5.12%), total number of sperm cells/ejaculate 
(10523.03±3607.45million/ml) and the number of semen doses (350.70±120.25) were 
found in (L×F)2 breed of bull.  

The semen quality was tested by using three type of extenders to evaluate sperm 
motility %, various duration of preservation of semen in relation to conception rate of 
cows. A total 189 cows were artificial inseminated in different AI sub centre/points of 
District AI centre and average conception rate was observed 50.77%. The three 
extenders of Egg Yolk Citrate (EYC), Cornell University Extender (CUE) and 
Coconut Milk Extender (CME) had significant effect (P<0.05) on sperm motility % 
and conception rate. The highest conception rate was found at EYC (57.82±7.00%) 
and lowest in CME (43.71±3.59%).    

A total 64 semen sample was studied for the determination of sperm abnormalities in 
association to non return rate (NRR). The average head and tail abnormalities were 
obtained 4.29% and 13.90% respectively and total sperm abnormalities was observed 
18.13 ±6.78%. A total of 1600 cows inseminated by that 16 bull semen were observed 
for NNR within 60 days. The overall NRR was obtained 78.50±11.95%. Bull ID, 
breed, testicular circumference, libido had significant effect (P<0.05) on sperm 
abnormalities and NR%.  

It was concluded that the overall semen production performance was found better in 
(L×F)2 breed, young age, 500-<600 body weight, very good body condition, >38 cm 
testicular circumference, good libido, spring season and AI centres of RDCIF. Semen 
quality was suitable in the EYC extender for chilled semen preservation under field 
condition as well as L×F×F breed had shown satisfactory performance of sperm 
morphology and NR%.      
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mill.  = Million  

min  = Minutes(s)  

ml = Millilitre  

mmol  = Millimole  

n or N  = Number of Observation  

no.  = Number  

NRR  = Non-return Rate  

P  = Probability  

RDCIF  = Rajshahi Dairy and Cattle Improvement Farm  

S/C  = Service per Conception  

S/N  = Serial Number  

SD  = Standard Deviation (s)  

SL  = Sahiwal  

SPSS  = Statistical Package for the Social Sciences  

TC  = Testicular Circumference  

v/v  = Volume by Volume  

yrs  = Years  
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Bangladesh is probably the worst. In the last decades, livestock sector has 

undergone a process of biotechnology incorporation with the main goal of 

enhancing productivity and improving the genetic makeup. In this sense, 

artificial insemination (AI) is considered as the most important 

biotechnology incorporated into livestock production systems because it 

implies the use and/or globalization of proven bulls, which represent a 

key tool in obtaining animals with higher genetic merit. The wide use of 

bovine AI was mainly attributed to the development of methods that 

ensured cell viability after storage for long periods by reducing sperm 

metabolism, due to important progresses in studies involving 

cryoprotectants. Nowadays, AI is considered as the most worldwide used 

reproductive biotechnology with an extremely interesting benefit-cost 

relationship. Despite the unquestionable role of this biotechnology in 

improving productivity, many causes have accounted for the range in 

results and/or some unsatisfactory indices of bovine AI programs, 

highlighting several factors inherent to female physiology and/or farm 

management. Nevertheless, another factor positively correlated with the 

AI outcomes that require appropriate attention, correspond to quality of 

semen samples used in the programs. 

1.3 Cattle Development Programme in Bangladesh:  

Most of the cattle originated from Bos taurus as hump-less cattle and Bos 

taurus as hump cattle, from the wild cattle of South East Asia. Hump less 

Longhorn cattle were first found in South Turkey. They were focous in 

Mesopotamia about 5000 BC and later in the Indus Valley (Pakistan). 

The small hump-less short horn cattle, originated some 2000 year later 

than the Longhorn, are the ancestors of the present dairy short-horn cattle 

found through out the Middle East and the North African-countries. The 
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started from 1958 at limited area with Sindhi and Sahiwal breed in 

Bangladesh. Actually, AI has expended during 1976-1977 all over the 

country. Currently a programme of artificial insemination has been 

operating through 24 A.I. centres and 3200 sub-centres points covering 

all the 64 districts of the country present.  So, our dairy cows are 

increasing their productively (milk) day by day. During recent years 

thousands of organized private sector livestock farms with improved 

breeds have been established for commercial purposes. According to 

DLS, 1998 statistics, at present there are 29,649 cross-bred dairy farm in 

the country. As a result, the foreign expenditure has decreased up to 125 

crore taka for importing the powder milk and milk products per year in 

our country. However, it was 500 crore taka a few years ago.  

1.8 Government Activities of AI in Bangladesh: 

AI breeding Station 02 

AI Breeding centre 22 

Breeding Bull 170 

Frozen semen production cost $1.6 

Chilled semen production cost $1.3 

Liquid nitrogen cost per year $221951 

AI Sub center/Point  3200  

Breeds of cattle used  Friesian, Shiwal, Jersey, Brahman, 
Red Chittagong and Local  

 Breed able cow  70,00,000  

AI coverage 45% 

Conception Rate  48-52% 
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1.13 The Bangladesh Rural Advancement Committee (BRAC):  

• Providing cattle AI service since 1985 

• Established own bull station  

• Semen production from November, 2000  

• Production capacity of 5, 00,000 doses of straw per annum 

• Trained 1279 AI technicians 

• Operating nationwide AI services through 89 points  

• AI technicians extend door to door service   

• The cost for single dose of home to home BRAC semen is TK. 70 = 1 $  

1.14 AI Programme of Dairy Cooperative: 

• Bangladesh Milk Producers’ Cooperative Union Ltd. (Milk Vita)  

• Have their own bull centre  

• Different exotic cattle AnGRs (Sahiwal, Holstein Friesian, Jersey) 

• Produce and distribute semen to their member farmers  

• Free of cost for their member farmers 

• AI technicians extend door to door service 

Artificial insemination (AI) of cattle in Bangladesh is expanding day by 

day. Therefore, for improving the production potential and genetic merit 

of our nondescript indigenous cows, superior germ plasms have been 

introduced all over Bangladesh. Three AI centres /station (CCBSDF, 

Savar, Dhaka, RDCIF, Rajabarihat, Rajshahi and DAIC, Rajshahi) have 

been established in different region with the artificial insemination (AI) 

services. The success of Artificial Insemination Program mainly depends 

on the successful selection of properly fertile bulls. It is expected that the 

superior sire can only produce best quality semen. There are many factors 

that may affect the effectiveness of A.I in field condition. The semen 

characteristics are the major factors influence conception in cattle and 
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morphology and the reproduction potential and indicated that when more 

than 30% of the ejaculated spermatozoa have structural defects, reduced 

fertility may occur in domestic animals. 

Many structural abnormalities occur in the development of spermatozoa 

as a result of faulty spermatogenesis and also as due to semen handling 

both during and after collection (Salisbury et al., 1978). Major factors 

that affect semen quality are also those related to the underdevelopment 

of the testis (King, 1993). All factors related to testicular degeneration, 

including hereditary and pathological conditions should be carefully 

considered as they may seriously affect semen quality via testicular 

development. Hoogenboezem & Swanepoel (2000) reported that 

testicular degeneration might be due to exposure to heat stress, nutritional 

deficiencies and management-related factors such as fat deposition in the 

scrotum and poor body condition.  

The major contribution to the semen variation is environment (Curtis, 

1983; Cupps, 1991; King, 1993; Bearden & Fuquay, 1997). To 

comprehend the impact of environment on semen quality, it is necessary 

to understand the biological significance of the term ‘environment’, 

which could be defined as all factors surrounding the animal (Bonsma, 

1980), which include factors such as environmental temperature, 

nutrition, humidity, seasonal changes and management of the animal. 

The frequency of abnormal sperm cells has been found to increase with 

factors such as extreme in temperature and heat stress (Rathore, 1970) 

and malnutrition (Brown, 1984), occurring mainly in the hot seasons 

(Anderson, 1941). This has been observed to result in a lower ejaculate 

volume and sperm motility, increase in the percentage of abnormal sperm 
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Fig. 2.1. Process of spermatogenesis in domestic animal (Bearden & 

Fuquay, 1997) 

In the bull, the process of spermatogenesis takes approximately 56-63 

days and is divided into three phases namely spennatocytogenesis, meosis 

and spermiogenesis (Foote, 1978; Bearden & Fuquay, 1997). 

Spermatogenesis starts before birth when primordial germ cells of the 

early developing embryo migrate to the undifferentiated fetal sex cord 

from the yolk sac and undergo several divisions to produce gonocytes. 

(Cupps, 1991; King, 1993). Gonocytes persist in the male sex cord until 

just before puberty, after which time they divide to provide 

spermatogonia (King, 1993).  
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found between breeding groups and season. The Zebu breeds had 

significantly better semen quality and poor libido than other groups. 

Cross-breeds especially of local breeds with Friesian or Jersey had better 

semen quality and libido than bulls of imported breeds.   

Gavthier and Varo (1985) observed that Creole bulls had a greater 

(P<0.01) ejaculate volume than Friesian bulls (6.20±1.90 vs. 4.66±1.5ml) 

but a lower (P<0.01) sperm concentration (0.68±0.30 × 109 vs. 0.83±0.30 

× 109
 
spermatozoa/ml). They found no significant differences between 

breeds for total number of spermatozoa per ejaculate and motility score.  

Schwab et al. (1987) observed data on 118000 ejaculates, collected in 

Switzerland over a period of 11 years from 1384 bulls of 6 breed types. 

Overall ejaculate volume averaged 5.87ml, sperm concentration 

1.21×109/ml and the number of spermatozoa ejaculate 7.23 ×109. All 3 

traits were affected (P<0.001) by breed type bulls (Simmental×Red 

Holstein performing better than Holstein 

Friesian×European Friesian crossbreeds and Herens and Simmental 

purebreds), bull within breed age of bull (bulls aged 31-54 months having 

the best performance), season (best in January to June) and intervals 

between semen collections (poorest at intervals of <4 days). None of the 

traits was significantly affected by weather conditions.  

Hazarika et al. (1988) observed that in bulls aged 3 to 4 years from 10 

adult crossbred bulls, 2 from each of genotypes (group 1, 1/4 Sahiwal (S) 

×1/4 HolsteinFriesian(HF) × 1/2 Red Dane(RD); group 2, 1/4 S×1/4 

Jersey(J) ×1/2HF; group 3. 1/4 S×1/4J×1/2 RD; group 4, 1/4 S×1/4 

RD×1/ 2J; and group 5, 1/2 S×1/2 J). The bulls of group 1, ejaculate 

semen of superior quality in respect of sperm concentration, live 
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Under tropical and sub-tropical conditions, poor nutrition accompanied 

by high temperatures result in stress, which reduces the feed intake and 

affects growth rate in the bull (McDowell, 1972), and hence lowering 

of the weight and delaying of the age at puberty (Lammond, 1970). If 

overfeeding accelerates growth rate, body weight at the time of puberty 

will be higher than normal and the animal reaches puberty at a younger 

age. On the other hand, if underfeeding retards growth rate, puberty is 

delayed and body weight will not reach that of a normal fed animal. 

Hafez (1974) reported that if nutritional status of an animal is 

maintained at normal levels, puberty might occur when body weight 

reaches approximately 45% of adult weight in cattle. In males under-

nutrition results in a delay in the onset of puberty due to poor testicular 

development and sperm production (Bearden & Fuquay, 1997). Low 

energy intake and protein deficiencies alter the rate of gain and might 

result in a lowering of the body weight and delay the age at which 

puberty is attained. Vitamins and minerals are important for cellular 

metabolism, growth and maintenance, follicular and testicular 

development, all of which influence the onset of puberty in both males 

and females (Bearderi & Fuquay, 1997). Unfavourably high ambient 

temperatures lead to a restriction of nutrients in the diet of the animal 

through the depression of appetite and hence reduced feed intake, The 

nutrient restriction may be enough to substantially limit somatic 

growth, and hence increase the age and lower the weight at puberty 

(McDowell, 1974). 

The endocrine mechanisms that regulate puberty are centrally regulated 

within the hypothalamus (Bearden & Fuquay, 1997). Alterations in 

hypothalamic function that may direct the cascade of the endocrinological 
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1991). Bearden & Fuquay (1997) also reported that sexual exhaustion and 

sexual satiety may be among the common factors that tend to lower libido 

when bulls are maintained exclusively for the purpose of providing semen 

for AI. 

2.13 Season:  

Singh et al. (1968) reported that there was no significant effect by the 

season on volume, initial motility, sperm concentration and reaction time. 

They also stated that percentage of abnormal spermatozoa was 

significantly affected by ejaculation regime.   

Igboeli and Rakha (1971) reported that there was no significant seasonal 

effect on the indigenous bulls semen where as exotic breed shown 

significant seasonal fluctuation. They also found that ejaculate volume 

was high in rainy season, sperm concentration in maximum in hot season 

and morphologically normal spermatozoa were highest in winter.  

Samoilo (1974) indicated that the semen quality of Holstein Friesian bulls 

under temperate climatic conditions was better in summer followed by 

spring, autumn and winter.  

Smirnov and Kruglyak (1980) stated that volume of ejaculation and 

number of sperm per ejaculation was significantly higher in summer than 

winter. They also reported that the motility of spermatozoa were higher 

on autumn and winter than summer.   

Saxena and Tripathi (1981) tabulated data on sperm motility according to 

season and reported that season had a significant effect on the incidence of 

sperm abnormalities, which was higher in spring, summer and rainy season 

(4.46 to 8.00 percent) than in autumn and winter (2.67 to 2.92 percent).   
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winter season (8.34ml) and lowest in summer season (7.02ml).  

2.14 Artificial Vagina :  

The artificial vagina is designed to simulate the vaginal orifice of the 

female. Bearden & Fuquay (1997) reported that artificial vagina is the 

fastest and the most sanitary method and it provides a good imitation of 

the natural vagina. Maule (1962) reported that most AI Stations prefer the 

use of short pattern artificial vagina to ensure that the semen is ejaculated 

directly into the cone or collecting tube and not in the liner.  

King (1993) found that in the use of this technique, the length of vagina 

should be chosen so that the bull will ejaculate directly into the tube to 

avoid semen loss. It was further indicated that if more than one 

ejaculation is needed, more than one vagina should be used. Ran & 

Haranat (1984) reported the importance of the size of artificial vagina 

used. It was indicated that the use of smaller artificial vagina in bulls 

resulted in significantly higher mean seminal plasma volume and also 

higher sperm output.  

2.15 Semen Processing for Preservation:  

The two major functions of semen processing are to preserve the 

fertilizing capacity of spermatozoa and to increase the volume of 

ejaculate so that maximum utilization of the bulls genetic merit can be 

ensured by properly dosing the number of spermatozoa in a volume that 

can be conveniently packaged and used for insemination. During 

processing of semen for AI and/or evaluation of the quality, it is 

important not to expose semen to excessive light, direct sunshine, fumes 

from volatile chemicals or disinfectants (Hunter, 1985). Bull semen needs 

to be diluted with the preserving medium soon after collection to 

provided with necessary ingredients before reserved energy in the 
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fertility (Lindford et al., 1976; Elliott, 1978; Soderquist, 1991) simply 

because all motile spermatozoa may not be morphologically normal 

(Shamsuddin and Rodriguez-Martinez, 1994).  

Spermatozoa obtain motility from the contractile elements located in the 

longitudinal fibres of a tail through the process of spermatozoa 

metabolism. Spermatozoa metabolism is defined as a process by which 

spermatozoa convert nutrients into usable forms of energy (Mamabolo, 

1999). The enzymes for this conversion are situated in the mitochoridrial 

sheath. These principal energy substrates are fructose, sorbitol and GPC 

(Table 2.1) which are found in seminal plasma and a plasmologem (a 

lipid found within the spermatozoon as an energy reserve) that can be 

used when other substrates are limited (Bearden & Fuquay, 1997).  

2.19 Morphology of Spermatozoa: 

The morphology of spermatozoa is used as one of the important criteria in 

the evaluation of semen quality in domestic animals (Howard et al., 

1983). The fully formed spermatozoa are elongated cells consisting of a 

head containing DNA and a tail which provide the cell with motility 

(Mamabolo, 1999).  

Sperm morphology is often used to assess the fertilizing capacity of 

spermatozoa in semen. The proportion of spermatozoa with abnormal 

morphology in semen of healthy bulls is usually low. Elliott (1978) 

recommended not tolerating more than 20% abnormalities in sperm head 

and / or mid-piece in bull semen to be used in routine AI. Abnormalities 

of bovine spermatozoa may be either compensable, those that are not able 

to participate in fertilization or uncompensable, those that are able to 

initiate but not complete fertilization or sustain embryo (Saacke, 1990; 
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Fig. 9 (A) Histogram of microarray data for seven OsAP2/EREBP genes differentially 

expressed under RTSV infection. (B) RT-PCR analysis of seven genes that showed higher 

expression than the control under RSV infection at 15 DAI. (C) Histogram of microarray data 

for five genes downregulated under RTSV infection. (D) RT-PCR analysis of eight genes that 

showed lower expression than the control under RSV infection at 15 DAI. Actin gene 

expression was used as the internal control; mk = mock (control); rtsv = RTSV- infected 

plants sampled 15 DAI. The differentially expressed genes are shown along the X-axis of the 

histograms, and the log2 ratios of expression values are shown on the Y-axis. 

 

 

Subfamily DREB has been demonstrated to play a key role in the resistance of plants to 

abiotic stresses such as cold, high salinity, and drought (Shinozaki et al. 2000). Also some 

DREBs, such as DBF1, DBF2 (Kizis and Pages 2002), and CBF4 (Haake et al. 2002), are 

responsive to ABA. DREB/ERF proteins share a conserved 50�±60 amino acid domain (the 

AP2/ERF domain) that binds to two cis-elements: the GCC box, found in many pathogen-

related gene promoters conferring ethylene responsiveness (Gu et al. 2000), and the C-repeat 
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Table 11. Stress response of transgenic plants overexpressing DREBs and ERFs. 

 

Gene  Transgenic 

plants 

Performance of transgenic 

plants 

Reference 

AtDREB2A  Arabidopsis  Dehydration tolerance  Sakuma et al. 2006 

BNCBF5, BNCBF17  Canola  Freezing tolerance  Savitch et al. 2005 

AtDREB1A  

 

Tobacco  Freezing and dehydration 

tolerance  

Kasuga et al. 2004 

 

OsDREB1A  Arabidopsis  Freezing, dehydration and 

salt tolerance  

Dubouzet et al. 2003 

AtCBF4  Arabidopsis  Freezing and dehydration 

tolerance  

Haake et al. 2002 

AtCBF1 Potato Freezing tolerance Pino et al. 2008 

Tsil1  Tobacco Biotic, osmotic stress 

tolerance  

Park et al. 2001 

AtCBF3  Arabidopsis  Freezing tolerance  Gilmour et al. 2000 

AtCBF1  Arabidopsis Freezing tolerance Jaglo-Ottosen et al. 

1998 

AtDREB1A  Arabidopsis Freezing and dehydration 

tolerance 

Liu et al. 1998, Oh et 

al. 2005 

TERF1 Rice Drought and high-salinity 

tolerance 

Gao et al. 2008 

TSRF1  Rice drought tolerance Quan et al. 2010 

PgDREB2A Tobacco Salinity and drought 

tolerance 

Agarwal et al. 2010 

RAP2.2 Arabidopsis Low oxygen response Hinz et al. 2010 

RAP2.6 Arabidopsis ABA, salt and osmotic 

tolerant 

Zhu et al. 2010 
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Functional and regulatory proteins are involved in gene expression in response to 

stress conditions. Functional proteins include membrane proteins that control water 

movement through membranes, proteins (such as LEA proteins, osmotin, and mRNA-binding 

proteins). LEA proteins, for example, improve the drought or high-salinity tolerance of plants. 

Regulatory proteins (e.g., bZIP, MYC, MYB, and DREB), protein kinases (e.g., MAP kinase, 

CDP kinase, and receptor protein kinase), and proteinases are involved in the regulation of 

signal transduction and gene expression. Transcription factors, together with cis-elements, 

function in the promoter region of different stress-related genes and overexpression of these 

genes may improve tolerance to abiotic or biotic stress. A microarray analysis in Arabidopsis 

has shown that there are several pathways that independently respond to abiotic stress, and 

one such important pathway involves the DREB regulon (Fowler and Thomashow 2002). By 

a transcriptome analysis, genes induced by different stresses can be identified from the 

functions of their products.  

In conclusion, taken together, our data showed gene and domain/motif duplication in 

subfamilies AP2 and RAV. Segmental and tandem duplications might have been the main 

contributors to the expansion of this family in rice. Some subgroups showed a high level of 

expression profile in abiotic stress and biotic stress, suggesting that they might have in 

functional divergence. Interestingly, two genes were common and upregulated under two 

biotic stresses (RSV and RTSV), whereas three genes were induced by RDV infection (all 

strains). Thirteen genes were activated by at least three abiotic stress conditions. 

OsAP2/EREBP genes showed temporal and spatial patterns of expression under different 

kinds of stress conditions. Specific subgroup of this gene family provides a new avenue for 

determining the best candidate genes for functional analysis. Overexpression, knockdown or 

mutagenesis, and promoter analyses of selected members of this gene family are underway in 

our laboratory so that we can accurately determine molecular pathways in the OsAP2/EREBP 

gene family. 
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further elucidating the role of single genes in the stress response, which will have a 

significant impact on crop engineering. The rice genome is thought to contain 163 

OsAP2/EREBP genes (Sharoni et al. 2011); however, only a few of these genes have been 

characterized in this species. The characterization of genes from the OsAP2/EREBP family in 

rice facilitate the understanding of the molecular mechanisms of resistance to stress and thus, 

will aid in the development of drought-resistant rice varieties using transgenic technology. In 

this study, we used Affymetrix microarray studies to systematically characterize the 

expression of the entire OsAP2/EREBP gene family in the rice Minghui 63 genotype to gain a 

better understanding of the role each family/subfamily member or subgroup plays in several 

developmental stages under normal conditions and following phytohormone treatments. 

Furthermore, we used the Agilent 44K oligoarray system to profile the transcriptomes of root, 

leaf, and panicle tissues from three rice genotypes (IR77298-14-1-2-B-10, IR77298-14-1-2-

B-13, and IR64) grown under different drought stress conditions to identify the putative 

drought responsive genes in tolerant NIL by examining their different gene expression 

patterns and comparing them with the control. Initially, global gene expression analyses in 

root tissue from these NILs grown under drought stress conditions were performed, and the 

gene expression data were analyzed using gene ontology profiling (Moumeni et al. 2011, 

personal communication). Although there were many more genes in this array, this study 

focuses only on OsAP2/EREBP gene family members to select the best candidate genes for 

further functional analysis. A number of specific subfamily genes or subgroup family genes 

were differentially expressed, and the data revealed novel information about their roles in the 

plant response to different stress conditions. The conserved cis-elements in the 2-kb upstream 

sequence of the promoter region of differentially expressed genes (DEGs) under different 

stress conditions were revealed. Introgressed regions were examined and Gene Ontology 

(GO) enrichment tests were performed. We used RT-PCR to confirm the expression of 

selected OsAP2/EREBP genes under stressed and non-stressed conditions. To our knowledge, 
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compare 4 biological replicates of BTH-treated leaves with mock-treated leaves. Leaf disks 

(6 mm diameter) from seedlings were floated on jasmonic acid (JA, 500µM) and incubated 

under light at 25 ºC. The samples were harvested at 6, 12, 24, and 48 h after the treatment. 

The japonica rice variety Nipponbare were grown for 3 weeks at 28 ºC in the dark and were 

treated with abscisic acid (ABA, 100 µM) for 5 h. Plants treated with H2O for 5 h were used 

as controls. Whole plants were used for RNA extractions (Yazaki et al. 2003). The log2 ratio 

values of the means were normalized, and up- or down-regulated genes with values > 0.585 

or < �± 0.585 were selected for the JA and ABA treatments. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

73 
 

version 4.5 (Saeed et al. 2003). The Michigan State University (Osa1, Ouyang et al. 2007) 

database contained at least 163 AP2/EREBP genes in the rice genome and contained 

corresponding locus IDs. We identified 140 OsAP2/EREBP genes from our 44K microarray 

data collected under DSCs. The probe arrangement of the array data (platform number 

GPL7252) is available at NCBI-GEO (series number GSE30464, Barrett et al. 2007).  

 

6.4. Transcript-level analysis 

Total RNA was extracted from the root, leaf, and panicle of all of the rice genotypes using an 

�5�1�H�D�V�\�� �0�D�[�L�� �.�L�W�� ���4�L�D�J�H�Q���� �L�Q�� �D�F�F�R�U�G�D�Q�F�H�� �Z�L�W�K�� �W�K�H�� �P�D�Q�X�I�D�F�W�X�U�H�U�¶�V�� �L�Q�V�W�U�X�F�W�L�R�Q�V���� �7�K�H��

concentration and quality of the RNA samples were determined using a spectrophotometer 

(Nanodrop ND-1000, Nanodrop Technologies) and a model 2100 bioanalyzer (Agilent 

Technologies). The RNA samples were pretreated with RNase-free DNase I (Invitrogen) to 

eliminate any contaminating genomic DNA. The first-strand cDNA was synthesized from 1 

µg of total RNA in a 20-µl reaction volume using SuperScript II Reverse Transcriptase 

(Invitrogen), and 2 µl of the reaction mixture was subsequently used for RT-PCR in a 50-µl 

reaction volume. The RT-PCR was performed using SuperScriptII Reverse Transcriptase in 

�D�F�F�R�U�G�D�Q�F�H�� �Z�L�W�K�� �W�K�H�� �P�D�Q�X�I�D�F�W�X�U�H�U�¶�V�� �L�Q�V�W�U�X�F�W�L�R�Q�V�� �W�R�� �V�\�Q�W�K�H�V�L�]�H�� �I�L�U�V�W-strand cDNA from the 

DNase I�±treated total RNA. The same RNA samples were used for hybridization and RT-

PCR experiments. Approximately 1/20 of the first-strand cDNA that was generated from 1 

µg total RNA was used as a template for PCR (reaction volume 50 µl) using rTaq DNA 

polymerase (Takara). The RT-PCR procedures consisted of 25�±35 cycles, depending on the 

linear range of the PCR amplification for each gene. Each PCR was performed (in triplicate) 

in an ABI 9700 thermocycler (Applied Biosystems). The program entailed incubation at 94 

°C for 45 s, at 55 °C for 50 s, and at 72 °C for 1 min. The rice actin gene 

(LOC_Os05g36290) was used as an internal control (Nuruzzaman et al. 2010; Sharoni et al. 
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Table 14. Result of differential expression analysis used seed as reference. Differential expression genes have been taken with P value less than 0.05 

and fold change >1 or <-1, which are described by "U" or "D". When fold change >1, regulation is up and when fold change <-1, regulation is down. 

 

Gene name Phg Probe Set ID 
Os. 

Calli 1 Vs S Calli 2 Vs S Calli 3 Vs S Sling 1 Vs S Sling 2 Vs S Shoot Vs S Root Vs S Stem 1 Vs S Stem 2 Vs S 

 PV  FC R  PV  FC R  PV  FC R  PV  FC R  PV  FC R  PV  FC R  PV  FC R  PV  FC R  PV  FC R 
                  

Os01g04020 A2 4663.1.S2_at 0.05 -1.62  0.05 -1.40  0.10 -1.56  0.01 -1.75 D 0.05 -1.97  0.09 -1.40  0.19 -1.34  0.33 -1.11  0.08 -1.72  
 Os01g04750   RAV   27299.1.A1_at  0.10 -0.87  0.23 -0.81  0.07 -0.79  0.46 -1.65  0.00 -2.13 D 0.28 -0.31  0.46 0.10  0.02 -2.93 D 0.06 -4.81  

 Os01g04800   RAV   36672.1.S1_at  0.88 0.11  0.96 -0.03  0.64 -0.33  0.96 0.02  0.72 -0.07  0.96 0.03  0.05 4.81  0.68 0.04  0.83 -0.13  

 Os01g07120   A4   21563.1.S2_at  0.09 -0.56  0.04 -0.78  0.13 -1.45  0.14 -1.43  0.07 -2.00  0.04 -0.74  0.22 0.41  0.11 -1.08  0.16 -0.30  

 Os01g10370   B1   55837.1.S1_at  0.14 -3.07  0.15 -3.24  0.12 -3.04  0.10 -3.48  0.09 -3.40  0.10 -2.57  0.15 -1.14  0.25 -2.07  0.23 -2.46  

 Os01g12440   B2   31908.1.S1_at  0.22 0.62  0.86 -0.04  0.20 -0.60  0.02 -2.38 D 0.01 -2.78 D 0.12 -2.37  0.18 -2.00  0.02 -1.09 D 0.01 -2.14 D 

 Os01g21120   B1   8031.1.S1_at  0.04 -0.94  0.66 -0.06  0.40 -0.44  0.19 -3.98  0.01 -7.78 D 0.10 -3.63  0.24 -2.74  0.01 -3.19 D 0.07 -3.09  

 Os01g46870   B3   51970.1.S1_at  0.17 3.21  0.19 2.83  0.08 2.40  0.79 -0.26  0.65 -0.60  0.87 0.17  0.71 0.34  0.73 0.47  0.99 -0.02  

 Os01g49830   RAV   56351.1.S1_at  0.04 -1.59 D 0.58 -0.07  0.03 -0.32  0.06 -1.11  0.10 -0.96  0.05 -0.78  0.20 -0.86  0.04 -0.70  0.00 -0.82  

 Os01g54890   B1   53660.1.S1_at  0.05 3.20 U 0.22 2.26  0.22 1.67  0.04 2.54 U 0.46 0.78  0.45 2.14  0.08 4.40  0.08 2.72  0.71 0.80  

 Os01g58420   B4   3766.1.S1_at  0.39 1.36  0.26 1.47  0.15 1.38  0.31 1.68  0.60 0.31  0.48 0.64  0.20 1.78  0.10 1.63  0.59 0.71  

 Os01g59780   AP2   16683.1.S1_at  0.06 -1.67  0.06 -1.26  0.11 -1.04  0.04 -1.11 D 0.01 -1.70 D 0.20 -1.34  0.05 -0.31  0.19 -1.61  0.10 -0.92  

 Os01g67410   AP2   14775.1.S1_at  0.62 0.15  0.29 -0.55  0.30 -0.32  0.17 -1.16  0.06 -2.14  0.05 -2.27 D 0.05 -1.81  0.20 -1.39  0.16 -0.97  

 Os01g73770   B1   55365.1.S1_at  0.58 0.11  0.10 -0.30  0.05 -0.63  0.85 0.05  0.36 0.40  0.02 -0.63  0.17 -0.43  0.21 -0.51  0.52 -0.29  

 Os02g10760   A4   50235.2.S1_at  0.68 0.09  0.11 0.03  0.45 -0.15  0.13 -0.58  0.06 -0.44  0.09 -0.37  0.12 -0.18  0.22 0.34  0.17 -0.34  

 Os02g13710   B7   55643.1.S1_at  0.45 0.06  0.45 0.12  0.51 0.27  0.23 -1.14  0.00 -1.56 D 0.09 -1.85  0.01 -1.66 D 0.47 0.25  0.37 -0.09  

 Os02g29550   B1   39004.1.S1_at  0.18 -0.42  0.30 -0.12  0.26 0.25  0.03 1.32 U 0.06 1.48  0.01 2.74 U 0.16 -0.50  0.76 0.03  0.01 0.63  

 Os02g32040   B4   32291.1.S1_at  0.06 3.70  0.05 3.83 U 0.29 1.21  0.49 -0.64  0.57 -0.56  0.30 -0.73  0.83 0.08  0.19 -0.77  0.28 -0.91  

 Os02g32140   B4   12318.1.S1_at  0.59 -0.08  0.38 -0.28  0.78 -0.11  0.84 0.02  0.84 -0.06  0.38 0.06  0.02 0.41  0.73 0.05  0.72 0.12  

 Os02g34260   B4   55316.1.S1_at  0.03 -1.16 D 0.96 0.08  0.01 -1.43 D 0.01 -1.67 D 0.01 -1.48 D 0.09 -1.27  0.02 -1.13 D 0.06 -1.37  0.06 -1.35  

 Os02g34270   A4   6079.1.S1_at  0.23 -0.54  0.74 0.14  0.10 -0.33  0.05 -2.33 D 0.04 -1.74 D 0.05 -1.50  0.03 -1.26 D 0.40 -0.41  0.22 -1.38  

 Os02g40070   AP2   49859.1.S1_at  0.01 3.02 U 0.30 1.36  0.14 0.84  0.01 -3.98 D 0.01 -3.72 D 0.01 -4.15 D 0.01 -1.14 D 0.01 -4.42 D 0.02 -4.28 D 

 Os02g42585   B3   54384.1.S1_at  0.19 1.08  0.12 1.14  0.06 0.93  0.00 -1.24 D 0.15 -1.04  0.58 -0.11  0.44 -0.33  0.78 0.22  0.42 -0.79  

 Os02g43790   B3   10904.1.S1_at  0.27 0.59  0.94 -0.02  0.56 0.35  0.51 0.07  0.62 -0.23  0.51 0.47  0.13 1.27  0.47 0.38  0.21 1.25  

 Os02g43820   A4   52763.1.S1_at  0.23 0.91  0.04 0.61  0.26 0.84  0.51 -0.35  0.49 -0.44  0.61 -0.32  0.62 0.25  0.35 0.64  0.61 0.17  

 Os02g43940   A4   54929.1.S1_at  0.01 3.60 U 0.01 2.75 U 0.06 1.28  0.03 2.20 U 0.17 1.69  0.02 1.09 U 0.06 2.61  0.01 4.78 U 0.03 4.10 U 

 Os02g43970   A5   28045.1.S1_at  0.44 -0.14  0.76 0.08  0.26 -0.57  0.02 -0.57  0.09 -0.66  0.90 0.12  0.95 -0.01  0.00 -2.96 D 0.07 -2.41  

 Os02g45420   A1   9146.1.S1_at  0.48 0.21  0.87 -0.04  0.85 -0.07  0.67 0.13  0.98 0.01  0.63 0.23  0.98 0.01  0.68 -0.19  0.43 0.36  

 Os02g45450   A6   51078.1.S1_at  0.31 -2.88  0.60 0.57  0.29 -2.01  0.53 2.95  0.35 -0.53  0.18 1.40  0.91 -0.29  0.08 3.91  0.28 1.63  

 Os02g51300   AP2   47948.1.S1_at  0.16 -1.75  0.14 -1.94  0.16 -1.84  0.21 1.57  0.28 0.68  0.28 1.05  0.21 -0.50  0.02 1.68 U 0.12 3.48  

 Os02g51670   B4   6076.1.S1_at  0.24 2.01  0.18 1.43  0.26 1.45  0.31 1.06  0.60 0.56  0.36 0.61  0.21 2.24  0.44 1.00  0.76 0.33  

 Os02g52670   A5   54944.1.S1_at  0.00 -3.20 D 0.40 -1.26  0.01 -3.08 D 0.96 -0.13  0.06 -3.33  0.84 0.25  0.26 2.31  0.05 -1.78  0.61 -1.04  

 Os02g54050   B2   53362.2.S1_at  0.84 -0.05  0.51 0.13  0.66 -0.13  0.77 0.06  0.98 0.00  0.62 -0.15  0.59 -0.14  0.46 -0.10  0.35 -0.07  

 Os02g54160   A3   14181.1.S1_at  0.33 0.54  0.07 -0.77  0.30 -0.64  0.07 -0.97  0.16 -1.15  0.11 -0.90  0.24 -1.20  0.51 -0.34  0.17 -1.99  
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 Os03g08470   B3   6009.3.S1_a_at  0.20 -1.30  0.40 0.72  0.24 0.89  0.26 1.39  0.00 3.74 U 0.07 1.81  0.06 -3.63  0.15 -2.94  

 Os03g08490   B2   23028.1.S1_s_at  0.26 1.20  0.01 2.63 U 0.02 4.59 U 0.01 4.81 U 0.04 4.73 U 0.04 4.39 U 0.38 -0.45  0.40 -0.27  

 Os03g08500   A6   12889.2.S1_at  0.02 -0.41  0.11 -0.26  0.03 -0.24  0.91 -0.03  0.46 0.13  0.76 0.04  0.57 -0.11  0.52 0.20  

 Os03g09170   A5   38849.1.S1_at  0.28 -1.26  0.25 -1.89  0.15 -1.11  0.19 -1.41  0.40 -0.88  0.93 0.18  0.05 1.98 U 0.17 1.35  

 Os03g12950   AP2   54629.1.S1_at  0.06 -2.11  0.08 -1.96  0.02 -2.09 D 0.19 -1.43  0.02 -1.93 D 0.10 -1.76  0.06 4.97  0.05 4.40 U 

 Os03g15660   B2   35111.1.S1_at  0.15 -2.36  0.08 -2.03  0.06 -2.58  0.15 -2.49  0.13 -2.06  0.07 -2.12  0.13 -1.37  0.26 -1.10  

 Os03g19900   AP2   56314.1.S1_at  0.02 -2.41 D 0.01 -2.08 D 0.10 -2.12  0.03 -2.32 D 0.03 -2.17 D 0.04 -2.30 D 0.70 -0.18  0.12 -1.48  

 Os03g22170   B1   57381.1.S1_at  0.09 -4.32  0.07 -2.96  0.14 -3.17  0.15 -3.44  0.22 -2.64  0.12 -3.30  0.06 -4.03  0.13 -3.64  

 Os03g60120   B3   8951.1.S1_x_at  0.03 -1.68 D 0.09 -1.38  0.21 -0.96  0.05 -0.68  0.05 -1.15 D 0.01 -1.12 D 0.03 -1.42 D 0.00 -1.38 D 

 Os03g60430   AP2   27471.1.S1_at  0.29 -1.00  0.10 -1.46  0.57 -0.11  0.03 0.42  0.32 -1.28  0.20 -0.43  0.89 -0.13  0.50 -0.39  

 Os03g64260   B3   12966.1.S1_at  0.18 0.16  0.64 0.30  0.02 0.35  0.07 0.27  0.47 0.75  0.36 0.68  0.45 0.39  0.62 0.10  

 Os04g32620   B1   9523.1.S1_at  0.02 -2.71 D 0.07 -2.25  0.53 -1.09  0.53 -0.55  0.04 -1.41 D 0.22 -1.81  0.00 -2.71 D 0.01 -2.79 D 

 Os04g32790   B4   38106.1.S1_at  0.19 0.68  0.53 0.16  0.08 0.27  0.47 0.45  0.22 0.47  0.16 0.43  0.40 0.43  0.14 0.29  

 Os04g34970   A4   54932.1.S1_at  0.18 -0.32  0.58 -0.21  0.07 4.02  0.03 4.26 U 0.03 4.94 U 0.03 4.15 U 0.05 -1.02  0.03 -0.60  

 Os04g42570   AP2   55217.1.S1_at  0.14 -0.35  0.19 -0.47  0.38 -0.09  0.92 -0.05  0.97 -0.02  0.73 -0.11  0.05 1.14  0.22 0.87  

 Os04g44670   B3   6539.1.S1_at  0.82 -0.19  0.87 -0.02  0.17 -1.36  0.14 -1.17  0.03 -1.17 D 0.23 -1.61  0.85 -0.26  0.55 0.46  

 Os04g46240   B5   5646.1.S1_at  0.99 0.01  0.44 -0.05  0.25 -0.16  0.49 -0.27  0.33 -0.19  0.63 0.16  0.85 0.04  0.89 0.03  

 Os04g48350   B1   10507.1.S1_at  0.10 -3.10  0.01 -4.17 D 0.06 -4.52  0.11 -4.14  0.14 -4.05  0.50 -2.36  0.04 -0.73  0.03 -0.85  

 Os04g52090   A5   23103.1.S1_at  0.00 -1.76 D 0.30 1.06  0.78 0.26  0.09 0.57  0.36 0.22  0.30 0.25  0.38 0.27  0.16 1.42  

 Os04g55520   A3   51638.1.S1_s_at  0.14 -1.41  0.13 -1.20  0.01 -1.40 D 0.12 -1.17  0.09 -1.10  0.64 -0.52  0.13 -2.32  0.03 -1.81 D 

 Os04g55560   AP2   9874.1.S1_at  0.14 0.88  0.42 0.15  0.19 1.88  0.06 1.92  0.38 1.24  0.10 2.15  0.63 0.20  0.53 0.48  

 Os04g57340   B1   28406.1.S1_at  0.06 5.60  0.14 4.74  0.04 2.69 U 0.14 2.54  0.37 2.57  0.04 1.93 U 0.07 0.10  0.19 0.14  

 Os05g03040   AP2   46461.1.A1_x_at  0.05 -0.92  0.23 -1.25  0.91 -0.10  0.57 -0.24  0.96 -0.05  0.51 -0.21  0.41 -1.05  0.29 -1.31  

 Os05g25260   A2   56944.1.S1_at  0.50 -0.36  0.22 -1.12  0.39 0.44  0.22 0.21  0.60 -0.14  0.54 -0.35  0.12 1.03  0.04 1.14 U 

 Os05g27930   A2   7718.1.S1_at  0.07 0.84  0.04 0.89  0.29 0.80  0.06 0.79  0.82 -0.11  0.02 0.19  0.49 -0.09  0.56 0.24  

 Os05g29810   B7   4893.1.S1_at  0.03 -7.07 D 0.14 -5.68  0.02 -2.88 D 0.07 -1.79  0.15 -0.83  0.01 -0.76  0.07 0.90  0.01 1.30 U 

 Os05g32270   A5   49193.1.S1_at  0.12 0.91  0.09 -0.58  0.16 0.75  0.40 0.58  0.08 2.47  0.10 2.15  0.02 3.77 U 0.06 3.50  

 Os05g37640   A2   51802.1.S1_at  0.75 0.08  0.62 -0.25  0.96 0.02  0.81 -0.12  0.80 0.02  0.76 -0.24  0.96 0.05  0.28 -0.41  

 Os05g39590   B5   10500.1.S1_at  0.43 -0.36  0.17 1.80  0.13 1.28  0.12 2.11  0.50 0.54  0.07 1.35  0.19 0.71  0.12 1.10  

 Os05g41760   B1   51998.1.S1_at  0.50 -0.57  0.12 -0.64  0.08 -0.45  0.11 0.16  0.14 -0.73  0.18 -0.53  0.20 -0.67  0.29 -0.40  

 Os05g41780   B3   5532.1.S1_at  0.88 0.05  0.06 1.98  0.49 0.66  0.01 1.50 U 0.02 1.10 U 0.17 1.45  0.05 2.08  0.01 1.73 U 

 Os05g45954   AP2   54786.1.S1_at  0.76 -0.18  0.30 -0.57  0.69 0.22  0.82 0.11  0.37 0.88  0.59 0.37  0.30 0.76  0.31 0.71  

 Os05g47650   RAV   31989.1.S1_at  0.47 -0.52  0.16 -0.86  0.23 -0.64  0.39 -0.44  0.14 -0.57  0.17 -0.87  0.04 -0.74  0.07 -0.38  

 Os05g49700   A1   57303.1.S1_x_at  0.40 -0.73  0.35 -1.13  0.09 -1.96  0.08 -0.42  0.64 -0.18  0.06 -1.04  0.11 0.39  0.49 0.54  

 Os06g03670   B3   23123.1.S2_at  0.13 -0.43  0.87 -0.09  0.65 -0.04  0.21 0.22  0.32 -0.28  0.12 -0.30  0.97 0.00  0.03 -0.07  

 Os06g05340   AP2   52397.1.S1_at  0.30 0.24  0.47 0.22  0.10 0.43  0.79 0.10  0.15 0.57  0.52 0.46  0.27 0.09  0.68 0.14  

 Os06g06540   A1   31624.1.S1_at  0.13 0.02  0.61 -0.14  0.25 0.12  0.85 0.03  0.23 0.27  0.04 0.13  0.89 0.04  0.39 -0.48  

 Os06g06970   A5   6789.1.S1_at  0.10 -2.03  0.42 -0.78  0.97 -0.02  0.13 0.46  0.37 -0.81  0.56 -0.28  0.13 1.71  0.16 2.13  

 Os06g07030   A3   4804.1.S1_at  0.05 -2.88 D 0.15 -0.89  0.02 1.28 U 0.05 1.82 U 0.12 1.06  0.10 1.37  0.18 -2.03  0.02 -1.12 D 

 Os06g08340   B2   15722.1.S1_s_at  0.12 0.46  0.21 0.11  0.33 0.44  0.43 0.21  0.40 -0.32  0.14 -0.12  0.37 0.31  0.50 0.63  

 Os06g09390   A5   14664.1.A1_at  0.25 0.38  0.99 -0.01  0.94 0.11  0.32 -0.92  0.57 0.21  0.20 -1.03  1.00 0.00  0.60 -0.64  

 Os06g09760   A5   5599.1.S1_at  0.37 -0.85  0.18 -0.52  0.47 -0.46  0.50 -0.77  0.24 -0.17  0.53 -0.87  0.11 1.19  0.01 2.47 U 

 Os06g11860   A5   10845.1.S1_s_at  0.03 -0.11  0.27 1.04  0.07 2.30  0.03 2.63 U 0.01 2.78 U 0.18 3.05  0.05 2.33 U 0.04 2.55 U 

 Os06g36000   A3   12997.1.S1_at  0.78 0.38  0.30 -0.18  0.51 0.34  0.91 -0.07  0.65 -0.26  0.26 -0.65  0.95 -0.03  0.46 -0.43  
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 Os06g11860   A5   10845.1.S1_s_at  0
.
0
4 

2.07 U 0.09 1.54  0.08 0.78  0.36 1.01  0.07 0.54  0.21 -0.34  0.00 -2.74 D 0.07 -2.64  

 Os06g36000   A3   12997.1.S1_at  0
.
6
6 

-0.33  0.72 -0.17  0.79 0.08  0.98 0.00  0.59 -0.49  0.29 -1.30  0.39 -0.70  0.95 -0.05  

 Os06g40150   B3   51150.1.S1_at  0
.
2
1 

0.36  0.49 0.54  0.87 -0.09  0.13 -1.13  0.23 1.30  0.09 1.12  0.19 -1.00  0.51 -1.15  

 Os06g43220   AP2   50002.1.S1_at  0
.
0
0 

0.63  0.03 1.82 U 0.04 2.11 U 0.06 0.87  0.03 1.80 U 0.11 2.15  0.10 1.12  0.00 0.25  

 Os06g44750   AP2   21891.1.S1_at  0
.
1
6 

-2.35  0.15 -2.87  0.11 -3.16  0.09 -2.49  0.10 -2.52  0.20 -2.54  0.13 -2.47  0.05 -2.15  

 Os06g47590   B7   30258.1.S1_at  0
.
1
6 

0.09  0.91 -0.01  0.64 -0.10  0.22 0.10  0.25 -0.10  0.04 -0.09  0.36 0.17  0.95 -0.02  

 Os07g03250   B6   56321.1.S1_at  0
.
0
5 

0.86  0.61 0.45  0.13 -0.78  0.20 -0.61  0.18 -0.82  0.12 -0.75  0.29 -0.69  0.19 -0.78  

 Os07g10410   B1   56201.1.S1_at  0
.
7
3 

-0.09  0.42 -0.23  0.30 -0.17  0.17 -0.15  0.32 -0.31  0.35 -0.11  0.23 0.19  0.06 -0.24  

 Os07g13170   AP2   31647.1.S1_at  0
.
4
1 

0.22  0.79 -0.01  0.04 2.20 U 0.02 4.50 U 0.63 -0.08  0.18 -0.15  0.05 -0.16  0.17 -0.15  

 Os07g22730   B3   30670.1.S1_at  0
.
2
4 

-0.99  0.98 0.00  0.54 0.61  0.02 -1.14 D 0.22 2.33  0.33 -0.72  0.23 -0.78  0.73 0.81  

 Os07g22770   B6   36817.1.S1_at  0
.
4
9 

0.08  0.09 0.68  0.02 3.75 U 0.53 0.22  0.03 1.65 U 0.47 -0.12  0.28 -0.38  0.82 0.08  

 Os07g42510   B1   37967.1.S1_at  0
.
1
7 

2.18  0.21 2.34  0.24 2.71  0.16 -2.45  0.27 1.47  0.53 1.08  0.35 -2.36  0.03 -2.26 D 

 Os07g47330   B2   51144.1.S1_at  0
.
8
5 

-0.04  0.06 -0.19  0.57 -0.13  0.66 0.37  0.43 0.37  0.27 1.18  0.02 3.53 U 0.68 0.66  

 Os07g47790   B1   48988.1.S1_at  0
.
0
8 

0.30  0.12 0.19  0.02 -0.46  0.04 -2.13 D 0.12 -0.24  0.21 -0.50  0.06 -0.90  0.01 -0.22  

 Os08g07440   AP2   10323.1.S1_at  0
.
7
8 

0.06  0.07 0.55  0.14 0.09  0.23 -0.38  0.32 0.28  0.12 0.58  0.05 0.39  0.08 1.06  

 Os08g07700   B7   31056.1.S1_at  0
.
0
9 

-1.17  0.10 -0.84  0.05 -1.58  0.07 -1.53  0.08 -1.10  0.00 -1.32 D 0.09 -1.74  0.01 -2.02 D 

 Os08g27220   A6   20018.2.S1_at 0
.
7
3 

0.09  0.48 0.49  0.03 3.54 U 0.01 7.32 U 0.50 -0.16  0.75 0.11  0.57 0.53  0.00 1.36 U 

 Os08g31580   A5   6824.1.S1_at  0
.
6
4 

0.24  0.06 1.10  0.05 2.16  0.06 1.74  0.07 1.58  0.14 0.87  0.34 0.61  0.65 0.22  

 Os08g34360   AP2   49821.3.A1_at  0
.
9
3 

0.03  0.43 0.15  0.08 -0.64  0.44 -0.24  0.11 -0.73  0.28 -0.64  0.15 -0.72  0.51 -0.54  

 Os08g36920   B7   15849.1.S1_s_at  0
.
0
9 

4.46  0.89 -0.11  0.76 -0.41  0.14 -1.02  0.91 0.09  0.09 -0.66  0.65 0.39  0.07 -0.93  

 Os08g41030   B4   55500.1.S1_at  0
.
7
1 

-0.20  0.04 -0.60  0.19 0.59  0.32 0.20  0.19 5.80  0.01 8.63 U 0.17 4.67  0.17 2.20  

 Os08g42550   RAV   49952.1.S1_at  0
.
7
2 

-0.14  0.73 0.30  0.95 -0.04  0.10 0.51  0.10 -0.36  0.74 -0.27  0.30 -0.06  0.41 -0.44  

 Os08g43200   A1   25479.1.S1_at  0
.
2
0 

1.51  0.13 2.10  0.44 0.57  0.95 -0.04  0.38 0.41  0.79 0.21  0.21 -1.26  0.36 -0.30  

 Os08g45110   A1   49350.1.S1_at  0
.
6
8 

0.39  0.07 1.97  0.42 0.55  0.08 2.64  0.75 0.14  0.60 0.40  0.33 0.74  0.44 1.03  

 Os09g11460   B3   5237.1.S1_at  0
.
0
5 

-0.44  0.15 -0.58  0.78 -0.09  0.03 1.16 U 0.03 -0.57  0.16 -0.43  0.07 -0.58  0.23 -0.36  

 Os09g11480   B2   19325.1.S1_at  0
.
7
4 

-0.30  0.19 0.66  0.11 1.19  0.02 -1.15 D 0.18 0.56  0.64 0.29  0.95 -0.01  0.83 -0.11  

 Os09g13940   B7   11725.1.S1_at  0
.
3
1 

-1.42  0.45 0.35  0.24 1.38  0.36 0.67  0.08 -0.42  0.58 -0.37  0.38 0.16  0.00 0.77  

 Os09g20350   A6   11944.1.S2_s_at  0
.
1
3 

1.87  0.33 0.23  0.06 -0.80  0.51 -0.38  0.05 0.58  0.65 0.10  0.08 -0.58  0.35 -0.32  

 Os09g25600   AP2   20663.1.S1_at  0
.
8
3 

0.08  0.74 0.05  0.47 0.28  0.62 0.17  0.70 0.17  0.21 -0.23  0.51 -0.18  0.63 0.39  

 Os09g26420   B2   51487.1.S1_at  0
.
6
7 

0.27  0.05 -0.09  0.65 -0.40  0.38 0.38  0.84 -0.08  0.67 -0.33  0.72 -0.09  0.95 0.04  

 Os09g28440   B4   52451.1.A1_at  0
.
0
6 

3.85  0.10 -2.20  0.13 -1.20  0.15 -1.71  0.08 -1.09  0.04 -2.22 D 0.12 -2.17  0.04 -2.19 D 

 Os09g39850   B3   54835.1.S1_s_at  0
.
2
0 

-0.38  0.14 -0.39  0.39 -0.34  0.47 -0.04  0.04 -0.26  0.95 -0.02  0.01 0.50  0.88 -0.04  

 Os10g25170   B1   56665.1.A1_at  0
.
5
3 

-0.35  0.34 -0.59  0.76 0.09  0.11 -0.75  0.36 0.42  0.50 0.68  0.06 0.31  0.12 -0.31  

 Os10g38000   A5   55877.1.S1_at  0
.
2
1 

0.37  0.08 1.18  0.30 -0.11  0.32 0.08  0.33 0.82  0.28 0.80  0.71 -0.16  0.40 0.33  

 Os11g19060   AP2   51993.1.S1_at  0
.
1
3 

0.25   0.51 -0.15   0.89 0.00   0.81 -0.07   0.89 -0.02   0.48 -0.16   0.69 -0.08   0.95 0.02  

R =  Regulation; U = Up-regulated;  D = Down-regulated; S =Seed (CK); PV = P value; FC = Fold change; Phg = Phylogentic subgroups or subfamilies.
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Os02g43970 -1.18 
     

-1.69 -4.21 -1.64 
   

-1.49 -1.86 -1.12 -1.19 -2.51 
 

A5 

Os02g52670 1.45 1.2 1.58 1.99 
 

1.56 4.18 4.04 4.09 3.01 2.77 
 

4.13 4.06 4.13 3.97 4.12 2.85 A5 

Os03g09170 
            

-3.13 -3.23 -2.04 
   

A5 

Os04g52090 
      

1.38 1.29 1.15 
         

A5 

Os05g32270 1.31 2.22 
  

1.19 
       

2.98 2.04 1.32 
   

A5 

Os06g09390 
 

1.26 
 

2.01 1.9 1.25 
    

1.47 
 

-1.6 -1.44 
    

A5 

Os06g09717 
   

-1.14 
 

-1.01 
    

-2.55 -1.51 
      

A5 

Os06g09810 -4.55 -3.72 -4.38 -2.75 -2.08 -1.27 
        

-1.09 
   

A5 

Os06g11860 -1 -1.3 -1.08 -1.46 -1.7 -1.05 
            

A5 

Os08g31580 
      

1.01 
 

1.38 1.12 1.34 
 

1.86 1.47 1.92 2.19 1.9 1.27 A5 

Os10g38000 
      

1.11 
     

1.28 1.13 1.03 
   

A5 

Os02g38090 
      

-1.38 
     

-2.29 -1.93 -1.61 
   

A6 

Os03g08500 
   

1.52 
 

1.25 1.01 
     

1.42 
  

1.04 
  

A6 

Os04g36640  
            

-2.42 -2.47 
    

A6 

Os05g49010 -1.67 -2.08 -2.22 -4 -2.56 -2.5 
 

-1.04 
    

-2.48 -2.19 -1.32 1.36 
  

A6 

Os06g10780 -2.54 -3.1 -1.44 -2.38 -1.98 -1.39 
    

2.42 
 

-2.47 -2.87 
    

A6 

Os08g27220 
    

-1.39 -1.13 
 

-1.03 -2.07 
 

-1.24 
       

A6 

Os10g22600 -2.72 -2.75 -3.34 
  

-2.87 -2.24 -1.68 -2.2 
   

-6.6 -6.19 -3.18 -1.09 -1.43 -1.17 A6 

Os01g10370 
      

1.53 
 

1.35 
     

-1.08 
   

B1 

Os01g21120 -7.04 -6.13 -6.22 -6.14 -5.86 -4.35 
      

5.49 5.62 4.29 1.27 
  

B1 

Os01g54890 
            

2.91 2.75 1.17 
   

B1 

Os01g73770 
 

-1.4 1.02 -3.61 -1.54 -2.69 
   

-1.46 
     

3.47 1.75 3.16 B1 

Os02g06330 
      

-1.21 -1.52 
          

B1 

Os02g29550 
      

-1.6 -1.48 -1.7 
         

B1 

Os02g35240 
            

-2.43 -2.26 
    

B1 

Os03g22170 -9.07 -8.34 -7.79 -7.15 -6.69 -6.3 -1.17 
 

-1.93 -1.4 -2.38 -2.1 
    

1.07 
 

B1 

Os04g32620  
    

-1.1 1.31 1.98 2.04 2.04 
   

2 1.77 2.2 3.38 2.55 1.34 B1 

Os04g48350 -3.73 -3.7 -1.48 -2.15 -2.28 
 

-1.54 -3.49 -3.71 1.14 2.53 -1.37 -2.2 -1.73 -1.28 
   

B1 

Os04g56150 
             

-1.41 -1.47 
   

B1 

Os04g57340 
       

1.17 
          

B1 

Os05g41760 
      

-1.11 -1.18 
          

B1 

Os06g42990 1.29 
  

-1.27 
  

-1.24 -1.67 
  

-1.35 -1.06 -1.44 -1.96 -1.13 
   

B1 

Os07g10410 
                  

B1 

Os07g42510 -1.39 -2.01 -1.82 
 

-1.92 
    

-1.63 
 

-1.63 2.76 2.51 2.52 2.59 2.01 1.62 B1 

Os07g47790 -6.92 -6.56 -4.63 -3.7 -5.32 -3.88 
   

1.43 2.71 1.61 1.12 1.96 1.29 1.62 1.47 2.6 B1 

Os10g25170 -5.55 -4.49 -6.14 -5.67 -3.71 -4.09 
     

1.24 
   

1.02 
  

B1 

Os01g12440 
      

2.35 2.65 1.86 
   

2.43 2.53 2.03 
   

B2 
Os02g54050 -1.74 -2.14 -2.29 -1.92 -2.54 -3.17 

    
1.39 -1.62 

     
1.15 B2 
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assumed that these genes are line- and tissue-specific under conditions of severe stress. In the 

root under mild stress conditions, 13 up-regulated genes were common to both NILs (Fig. 14, 

Table 18). Out of these 13 genes, eight genes belong to the DREB subfamily. A total of six 

genes (Os02g52670, Os03g08500, Os09g39850, Os02g32140, Os03g19900, and 

Os06g05340) assigned to subfamilies DRED, ERF, and AP2 were specifically up-regulated 

in IR77298-14-1-2-B-10 under mild stress conditions, but they were down-regulated or 

exhibited no change in expression in IR77298-14-1-2-B-13 in the root. These genes were not 

up- or down-regulated following treatment with the different plant hormones, whereas 

Os03g19900 of the AP2 subfamily was expressed with a 6-fold increase in the drought-

tolerant line compared with the drought-susceptible line in the root, and its expression was 

down-regulated in root tissue under normal growth conditions. In IR77298-14-1-2-B-13, four 

genes (Os02g54160, Os05g32270, Os01g67410, and Os04g42570, DREB and AP2 

subfamilies) were up-regulated under mild stress conditions. Os01g67410 and Os05g32270 

expression was induced in leaf-1 and panicle-1, respectively, under normal conditions, 

whereas Os01g67410 was up-regulated and Os05g32270 was down-regulated at all time 

points of the JA treatment. Interestingly, two genes of the AP2 subfamily were severely 

down-regulated in IR77298-14-1-2-B-10 under mild stress conditions. In the root, under both 

DSCs, the two NILs shared 8 common genes (Fig. 14, Table 18). Of these 8 genes, 

Os02g51300 is from the AP2 subfamily and was up-regulated following treatment of 

seedlings with GA3, KT, and NAA. Under both DSCs in the root, three genes were up-

regulated specifically in IR77298-14-1-2-B-10. Among these three genes, Os11g06770 

(subgroup B4, ERF subfamily) was down-regulated under severe stress conditions, and its 

expression was induced in the root under mild stress conditions in IR77298-14-1-2-B-13. 

Os02g52670 (A5 subgroup, DREB subfamily) and Os03g19900 (AP2 subfamily) exhibited a 

low level of expression in the root in IR77298-14-1-2-B-13 under mild stress conditions, 

whereas Os03g19900 was down-regulated under non-stress conditions in the same tissue. 
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Leaf severe 

Common Phg NIL10 NIL13 

Os02g45420 A1 4.184 4.793 

Os05g49700 A1 2.407 2.574 

Os02g54160 A3 1.379 1.234 

Os06g07030 A3 1.532 1.583 

Os01g07120 A4 2.736 3.673 

Os02g43820 A4 2.504 2.359 

Os04g34970 A4 2.983 3.07 

Os04g46400 A4 3.382 1.866 

Os02g52670 A5 4.182 4.04 

Os04g52090 A5 1.376 1.289 

Os04g32620  B1 1.982 2.038 

Os01g12440 B2 2.348 2.651 

Os09g11460 B2 1.989 2.168 

Os09g11480 B2 3.95 3.546 

Os03g08470 B3 5.805 5.007 

Os03g60120  B3 2.379 1.815 

Os05g41780 B3 1.039 1.14 

Os06g03670 B3 5.035 5.457 

Os02g32140 B4 4.146 3.565 

Os11g06770 B4 1.182 2.702 

Os05g29810 B7 2.715 1.468 

Os01g59780 AP2 3.268 3.816 

Os08g42550 RAV 3.56 3.46 

  
Leaf severe 

NIL 10 specific Phg NIL10 NIL13 

Os08g31580 A5 1.007 
 

 Os10g38000 A5 1.11 
 Os03g08500 A6 1.007 
 Os01g10370 B1 1.53 
 Os07g22770 B6 1.094   

  
Leaf severe 

NIL 13 specific Phg NIL10 NIL13 

Os01g64790 A5  1.413 

Os04g57340 B1 
 

1.17 

Os11g03540 AP2   2.177 
 

  
Leaf mild 

Common Phg NIL10 NIL13 

Os05g49700 A1 2.669 2.797 

Os09g35010  A1 1.143 1.187 

Os09g35020 A1 1.339 1.621 

Os05g25260 A2 1.273 1.215 

Os02g54160 A3 1.145 1.078 

Os01g07120 A4 1.539 2.239 

Os11g13840 A4 2.132 3.535 

Os02g52670 A5 3.007 2.774 

Os08g31580 A5 1.123 1.343 

Os04g48350 B1 1.144 2.531 

Os07g47790 B1 1.429 2.709 

Os03g08470 B3 1.039 1.326 

Os03g60120  B3 1.333 1.374 

Os06g03670 B3 4.471 4.589 

Os01g58420 B4 1.663 1.115 

Os02g32140 B4 1.617 1.576 

Os09g28440 B4 1.804 3.006 

Os01g59780 AP2 2.69 3.876 

Os08g42550 RAV 1.579 2.877 
 

  
Leaf mild 

NIL 10 specific Phg NIL10 NIL13 

Os02g43940 A4 1.619 
 

 

Os09g11460 B2 1.528 
 Os04g44670 B3 1.271 
 Os02g51300 AP2 1.106   

 

  
Leaf mild 

NIL 13 specific Phg NIL10 NIL13 

Os08g45110 A2 
 

 

1.131 

Os06g07030 A3 
 

1.26 

Os04g34970 A4 
 

1.086 

Os06g09390 A5 
 

1.465 

Os06g10780 A6 
 

2.419 

Os02g54050 B2   1.391 
 

 

Continue 
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7.5. AP2/EREBP gene expression in the leaf common to both NILs under severe and 

mild stress conditions  

We found that 23 up-regulated genes in the leaf were common to both lines under severe 

stress conditions (Fig. 14, Table 18). Of these 23 genes, 14 were not differentially expressed 

in the root under both DSCs (Table 16). Under severe stress conditions, five genes 

(Os08g31580, Os10g38000, Os03g08500, Os01g10370, and Os07g22770, subfamilies 

DREB and ERF) were up-regulated in the leaf, specifically in IR77298-14-1-2-B-10. With 

the exception of Os03g08500, these genes were up-regulated at least one JA treatment time 

point. All of these genes were expressed in the leaf at a low-level or was highly sensitive in 

IR77298-14-1-2-B-13 under severe stress conditions (Table 18). In IR77298-14-1-2-B-13, 

three genes (Os01g64790, Os04g57340, and Os11g03540; AP2, DREB, and ERF 

subfamilies) were highly activated in the leaf under severe stress conditions and down-

regulated or expressed at a low-level in that tissue in IR77298-14-1-2-B-10 under severe 

stress conditions. These genes are specific to NILs and to leaf tissue under severe stress. Of 

the genes expressed at high levels in the leaf under mild stress, 19 were common both NILs 

(Fig. 14, Table 18). In IR77298-14-1-2-B-10, 4 genes (Os02g43940, Os09g11460, 

Os04g44670, and Os02g51300, subfamilies AP2, DREB, and ERF) were highly responsive, 

specifically in IR77298-14-1-2-B-10, under mild conditions in the leaf and not differentially 

expressed or highly responsive in IR77298-14-1-2-B-13. Of these four genes, two 

(Os09g11460 and Os02g43940) were up-regulated by JA treatment at the seedling stage 

(Table 15), whereas Os04g44670 was highly induced specifically in the root under normal 

conditions and was down- and up-regulated in seedlings following SA and JA treatments, 

respectively (Fig. 12B, Tables 14 and 15). Similarly, six genes (Os08g45110, Os06g07030, 

Os04g34970, Os06g09390, Os06g10780, and Os02g54050, ERF and DREB subfamilies) 

were highly activated in the leaf, specifically in IR77298-14-1-2-B-13 under mild stress 

condition, but were not differentially expressed and did not exhibit lower intensities in 
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Table 19. Specific up-regulated genes in the tolerant line IR77298-14-1-2-B-10 compared 

with the sister line IR77298-14-1-2-B-13 and control IR64. 

Root severe  

 NIL10 specific IR77298-14-1-2-B-10 IR77298-14-1-2-B-13 IR64 

 Os06g42990 1.293 0 0 

 Root mild  

 NIL10 specific IR77298-14-1-2-B-10 IR77298-14-1-2-B-13 IR64 

 Os09g39850 1.528 0 0 

 Os06g05340 1.12 0 0 

 Leaf severe  

 NIL10 specific IR77298-14-1-2-B-10 IR77298-14-1-2-B-13 IR64 

 Os10g38000 1.11 0 0 

 Os03g08500 1.007 0 0 

 Leaf mild  

 NIL10 specific IR77298-14-1-2-B-10 IR77298-14-1-2-B-13 IR64 

 Os02g43940 1.619 0 0 

 Os04g44670 1.271 0 0 

 Os02g51300 1.106 0 0 

 Panicle severe  

 NIL10 specific IR77298-14-1-2-B-10 IR77298-14-1-2-B-13 IR64 

 Os03g08500 1.424 0 0 

 Os06g08340 1.745 0 0 

 Os01g46870 1.283 0 0 

 Os07g22770 1.238 0 0 

 Os06g05340 1.297 0 0 

 Panicle mild  

 NIL10 specific IR77298-14-1-2-B-10 IR77298-14-1-2-B-13 IR64 

 Os04g55520 1.257 0 0 

 Os03g08500 1.036 0 0 

 Os05g49010 1.358 0 0 

 Os01g21120 1.274 0 0 

 Os10g25170 1.015 0 0 

 Os09g28440 1.229 0 0 

 Note: 0 = Genes not differentially expressed in IR77298-14-1-2-B-13 and IR64 

 



5
7 7 7

20

14

1
0

7

2

11

1

0

5

10

15

20

25

Root severe Root mild Leaf severe Leaf mild Panicle severePanicle mild

NIL10 > NIL13/IR64
NIL10 < NIL13/IR64



 

119 
 

Overall, a global view of the gene expression analysis demonstrated that approximately 85% 

of genes were differentially expressed in all rice tissues in response to drought stress 

treatment. The GO and KO enrichment tests and biological pathway analysis indicate that the 

up-regulated OsAP2/EREBP genes in the drought-tolerant NIL IR77298-14-1-2-B-10 are not 

involved in other pathways, such as secondary metabolism, amino acid metabolism, response 

to stimuli, defense response, transcription, photosynthesis, cell wall growth, and signal 

transduction, and the down-regulated genes were not involved in any biological pathway. An 

assumption of this analysis is that the OsAP2/EREBP genes that demonstrated up-regulated 

expression in tolerant NIL contribute indirectly to these categories of gene function; however, 

further research is required to support this hypothesis. Information such as this would 

contribute to a deeper understanding of gene expression linked to regulatory networks under 

drought stress.  

 

7.12. RT-PCR analysis for confirmation of the transcriptome data 

To validate the accuracy of our microarray data, we selected 8 up- or down-regulated genes 

from the different tissues of all genotypes and both DSCs. We found that in most cases, the 

DEGs that were identified using the microarray were also detected using RT-PCR analysis 

(Fig. 18). The PCR results suggest that the DEGs observed through microarray analysis 

represent real differences between drought-stressed and non-stressed rice genotypes. 

Furthermore, Moumeni et al. (2011) confirmed this microarray data using qRT-PCR analysis 

on 10 root tissue DEGs selected from different functional pathways.  
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difficult to configure the complex regulatory network of this gene family, but the data may 

provide valuable insights for understanding the responses to different hormones. A number of 

OsAP2/EREBP genes demonstrated a high or low expression under different hormone 

treatments at the seedling stage (Fig. 13). 

 

8.3. AP2/EREBP gene expression profiles under severe stress and mild stress conditions 

in NILs  

During drought stress, plants adapt to the new environment by changing their gene expression 

profiles after perceiving stress signals (Hazen et al. 2005). Analyses of AP2/EREBP gene 

family have revealed a wealth of information about the gene expression in this family of 

genes with fundamental implications for understanding the biological processes underlying 

growth and development of the plant. Knowing the gene expression profile of OsAP2/EREBP 

genes may provide clues for selecting the most appropriate candidate genes for functional 

analyses. Our study focused on the identification and expression profiles of drought stress�±

responsive genes from rice genotypes at different developmental stages under different 

stresses, with the aim of identifying important components of the drought-stress response. 

The analysis of the OsAP2/EREBP genes showed high water-usage efficiency in the drought-

tolerant genotype. In the whole rice genome, approximately 7% of the genes are induced by 

drought or salt stresses (Zhou et al. 2007), whereas in the AP2/EREBP family, at least 85% 

(140 of 163 rice genes) of the genes were differentially expressed (up- or down-regulated) in 

one or more tissues with two folds under both DSCs. We considered the DEGs in a tolerant 

line compared with the sister (susceptible) line and the control and focused on those genes 

that were exclusively up-regulated in IR77298-14-1-2-B-10. Although the common genetic 

background of rice NILs, which are the backcross progeny from Aday Se. x IR64, is 

approximately 97% for the IR77298-14-1-2-B family (Venuprasad et al. 2011), the tolerant 

NIL showed distinctive differences in its gene expression responses to different drought 
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and exhibited increased seed setting (16%�±57% more than controls) in the field (Oh et al,. 

2009). The homologous genes, wheat TaDREB1, wheat WDREB2, and maize ZmDREB2A are 

also responsive to cold stress (Shen et al. 2003; Qin et al. 2007b). These results indicate that the 

AP2 regulon may have additional functions in rice. Therefore, comparative analysis of gene 

expression profiles under both DSCs to determine the functional role of these genes in the 

growth of the plant and its response to stress, and the identification of target genes for TFs 

involved in stress responses are vital. In this study, the regulation of OsAP2/EREBP genes was 

precise in terms of the spatial and temporal distribution.  

This study provides an overview of gene expression patterns of the OsAP2/EREBP 

gene family under normal and stress conditions. The application of a new comprehensive 44K 

oligoarray platform together with rice NILs enabled us to determine gene expression patterns in 

different tissues of two NILs with contrasting yield performances under drought stress at the 

reproductive stage of growth. By comparing the gene expression patterns of NILs under 

drought stress and normal conditions, we identified several putative genes that may be 

responsible for the drought response in the drought-tolerant line. These genes should be 

considered novel reference genes, and further research is needed to prove their functions. A 

number of putative cis-elements were identified, which may be help understand the function of 

these key genes. These data provide a useful reference and establish a starting point for 

determining the functions of the OsAP2/EREBP family of genes in rice at the reproductive 

stage of growth. The genes belonging to the ERF-B3 and ERF-B5 subgroups and the RAV 

subfamily gene members were activated in leaf and panicle tissues but not in the root. The 

specific subfamily (RAV) or subgroups of this gene family provide a new avenue for 

investigating appropriate candidate genes for functional analysis under different treatments. 

Overexpression and knockdown analyses of selected members of this gene family are 

underway in our laboratory to investigate optimal molecular breeding schemes for the 

OsAP2/EREBP gene family.   
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