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ABSTRACT: Effective panicle number, grain number, and grain weight are the three components of rice 
yield, of which grain number shows the highest variation and makes the largest contribution to yield 
output.Rice panicle number per plant is a grain yield component that directly influences rice yield. The 
identification of the genes controlling panicle number will play a vital role in high-yield rice breeding.Studies 
on QTL of panicle number in rice are limited to morphological description and primary mapping.In a study, 
is reported that the qPN1 gene affects panicle number per plant and several other agronomic traits, using 
CSSLs derived from Nipponbare and Guangluai 4. Rice grain number is quantitatively inherited and a 
great deal of quantitative trait locus (QTL) mapping for grain number have been conducted using various 
mapping populations. recently, Gn1a, a QTL located on chromosome 1 that increases grain number in 
rice, and elucidated the molecular mechanism of this gene. Panicle morphology and grain number are 
influenced by the development of the panicle main axis, primary and secondary branches, spikelet 
development, and developmental phase transitions. 
 Grain number is linearly correlated with total plant N content. Application of nitrogen fertilizers prior to the 
panicle initiation stage is known to affect inflorescence development and increase flower numbers per 
panicle. 
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INTRODUCTION 
 

 Panicle number (PN) plays an important role in the formation of yield in rice. Rao (1997) reported that PN has 
the highest direct positive effect on grain yield. PN is a quantitative trait. It is affected by various environmental factors 
including soil-fertilization, planting density and climatic factors such as light, temperature and water supply. Many 
studies have identified QTLs for PN in rice (Xiao , 1996, 1998; Lin , 1996; Wu , 1996; Zhuang , 1997). Rice is an 
essential cereal crop that feeds more than half of the world’s population. By 2030, we will have to produce 40% more 
rice to meet the rapid population increase of rice-consuming countries (Khush, 2005). Rice yield can be broadly 
divided into three components: panicle number per plant, grain number per panicle and 1,000-grain weight 
(Sakamoto and Matsuoka, 2008). As an important yield determinant, panicle number per plant has attracted the 
attention of breeders. Several high-yield rice models have been proposed, and most of them are concerned with 
panicle number. For instance, the ‘‘New plant type’’ lines developed by the International Rice Research Institute 
focus on fewer panicles, high panicle filling rate and heavy panicles (Khush, 1995). Therefore, understanding the 
genetic architecture that determines panicle number will be valuable for rice improvement. Rice tillering is a special 
type of branching, and panicle number per plant is directly determined by rice tillers at the mature stage. Shoot 
branching occurs in two steps: the initiation of the axillary meristem and the outgrowth of axillary buds (Schmitz and 
Theres, 2005). During the past decade, many attempts have been made to characterize QTL for panicle number and 
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numerous QTL have been mapped on the linkage map. However, most of the materials used in mapping were 
primary segregating populations such as F2 lines, recombinant inbred lines (RILs) and doubled haploid lines (DHs) 
(Yan , 1998; Wu , 1999; Hittalmani , 2002,2003). Increasing attention has been paid to PN in rice. Li  (2003a,b), using 
mutant rice materials, reported that PN in rice could be controlled by a single oligogene. However, more evidence 
supports the hypothesis that rice PN is influenced by multiple quantitative trait locus (QTL) (Li , 1997; Yan ,8991; 
Liao , 2001; Hittalmani , 2003; Jiang , 2004), although these QTL on PN were mostly determined from analyses of 
traditional populations such as recombinant inbred lines or doubled haploid lines (DHLs), among others. It should be 
noted that these populations had different genetic backgrounds among lines, with the results that QTL estimations 
were confounded with other genetic factors (Eshed and Zamir, 1995). 
 
major QTL controlling panicle number in rice  
 Studies on QTL of panicle number in rice are limited to morphological description and primary mapping, with no 
QTL cloned so far. Advanced populations such as near isogenic lines (NILs) and chromosome segment substituted 
lines (CSSLs) have the same genetic background as the recurrent parent, except for the substituted segments, which 
makes it possible to divide QTL into single Mendelian factors. In the present study, we report our research on the 
qPN1 gene, which affects panicle number per plant and several other agronomic traits, using CSSLs derived from 
Nipponbare and Guangluai 4. We found that theqpn1allele from Nipponbare was mainly associated with fewer 
panicles per plant, reduced plant height, and smaller panicles compared with the recurrent parent Guangluai 4. We 
fine-mapped qPN1 and delimited it to a 34.4-kb region on chromosome 1(Zhu , .2011). 
 
QTLs of a quantitative trait locus for grain number per panicle from wild rice 
 Rice grain number is quantitatively inherited and a great deal of quantitative trait locus (QTL) mapping for grain 
number have been conducted using various mapping populations derived from inter-specific crosses (Xiao , 1998; 
Xiong , 1999; Moncada , 2001; Thomson , 2003; Li , 2006), indica japonicainter-subspecific crosses (Lu , 1996; Xiao 
, 1996; Yu , 1997; Redona and Mackill, 1998; Sasahara , 1999; Yagi , 2001; Xing , 2002; Mei , 2003, 2005), indica–
indicacrosses (Lin , 1996; Zhuang , 1997) and japonica–janonica cross (Yamagishi , 2002). These QTLs detected 
were distributed throughout all rice chromosomes and created a firm basis to investigate the genetic control of grain 
number. However, QTL cloning projects for grain yield components were rarely reported. Li  (4002 )  fine mapped a 
grain-weight QTL, gw3.1, in the pericentromeric region of rice chromosome 3 and narrowed down the location of the 
gene underlying that QTL to a 93.8-kb region. More recently, Ashikari  (4002 )  cloned Gn1a, a QTL located on 
chromosome 1 that increases grain number in rice, and elucidated the molecular mechanism of this gene. Tian  2006 
1 indicate that gpa7 might play an important role in the regulation of grain number per panicle and the ratio of 
secondary branches per panicle during the domestication of rice panicle. 
 
a major quantitative trait loci, controlling the number of spikelets per panicle  
 Although many QTL controlling SPP were mapped in rice, only Gn1a, has been cloned.  Gn1a, controlling grain 
productivity in rice, was elucidated to be a gene encoding cytokinin oxidase/dehydrogenase (OsCKX2), an enzyme 
that degrades the phytohormone cytokinin  Reduced expression of OsCKX2 causes cytokinin accumulation in 
inflorescence meristems and increases the number of reproductive organs, resulting in enhanced grain yield ( 
Ashikari , 2005). In  previous studies, a QTL afecting the number of spikelets per panicle was repeatedly mapped to 
one pericentromeric region flanked by RFLP markers C1023 and R1440 on rice chromosome 7 in several primary 
mapping populations (Yu , 1997, 2002; Xing , 2001, 2002). In the present study, we aimed to precisely estimate its 
genetic efect under near isogenic background and fine map the QTL as a single Mendelian factor based on a large 
number of NILs. (Xing , 2008).  
 
Genetic mapping of a QTL controlling grain number in rice 
 Effective panicle number, grain number, and grain weight are the three components of rice yield, of which grain 
number shows the highest variation and makes the largest contribution to yield output (Engledow and Wadham, 
1925; Tanaka and Matsushima, 1970). An increasing number of genes that control panicle development have been 
isolated, enabling the genes and their interactions that affect grain number to be characterized and exploited for rice 
breeding and production. Panicle morphology and grain number are influenced by the development of the panicle 
main axis, primary and secondary branches, spikelet development, and developmental phase transitions. The 
transition from the adult phase to the reproductive phase involves the participation of sucrose, miR156, and miR172 
(Tsai and Gazzarrini, 2014; Zhu and Chris, 2011). 
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Designing and Validation of Primers for High grain number 
 The cultivated rice (Oryza sativa L.) is rich in genetic diversity apart from highly diverse 21 wild progenitors and 
the African cultivated rice, Oryza glaberrima Steud. In addition to staple food, rice has extensive protective and 
curative properties against human ailments like epilepsy, chronic headache, rheumatism, paralysis skin diseases, 
diabetes, arthritis, indigestion, blood pressure, colon cancer, internal rejuvenation of tissues and overcoming 
postnatal weaknesses . Three hundred sixty nine QTLs distributed across all over the 12 chromosomes of rice 
controlling grain number per-panicle have been identified (http://www.gramene.org) using various mapping 
populations derived from inter-specific indica-japonica, indica-indicaand  japonica-japonica crosses. Some of them 
were fine mapped to less than 1 cM intervals and few have been cloned using QTL-based near isogenic lines (NIL). 
Genes controlling grain number per-panicle directly or indirectly, i.e. Gn1a, Ghd7, Dep1, fz, Sp1, rcn2, lax1 and  Apo1 
also have been isolated from rice (Jin , 2008; Li ,2009; Piao , 2009; Zha , 2009). 
 
Nitrogen fertilizer increases spikelet number per panicle  
 Nitrogen is one of the most yield-limiting nutrients in crop production, and its proper management is essential for 
improving grain yield. Grain number is linearly correlated with total plant N content (Makino, 2011). Application of 
nitrogen fertilizers prior to the panicle initiation stage is known to affect inflorescence development and increase 
flower numbers per panicle (Yoshida , 2006), but how nitrogen fertilizer regulates inflorescence development remains 
unclear. A correlation between nitrogen nutrition and CKs was demonstrated many years ago (Hirose , 2008; Salama 
and Wareing, 1979). CKs could be rapidly induced by NO3 - in the roots of barley (Samuelson and Larsson, 1993), 
maize (Sakakibara , 1998; Takei , 2001), Helianthus annuus(Salama and Wareing 1979), tobacco (Singh  1992), and 
Arabidopsis thaliana(Miyawaki , 2004; Takei , 2004). Ding  (2014) in a study indicate that nitrogen fertilizer enhances 
local CKs synthesis to increase flower numbers in the panicles of rice. Localized CKs biosynthesis is an important 
response to nitrogen. 
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