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Abstract 

 

Transplanting has been the most widespread planting technique for rice production in Asia. It is estimated that more than 85% of rice 

production in china, and almost 100% in Northeast China adopted transplanting. The healthy and vigorous seeding can reduce 

thetransplanting shock’ and is the most important for final yield formation. The large root diameter, long root length, large surface 

area and more root number of new formed root are the major parameters for healthy and vigorous seeding. Nipponbare, Kasalath and 

ninety-eight backcross recombinant inbred lines (BC1F5) derived from a cross between them were used to detect QTL controlling 

new formed root traits after transplanting. The healthy seeding was transplanted at fourth leaf stage. And the average root diameter, 

total root length, average surface area, root length and root number of new formed root were measured at 7 days after transplanting. 

The qARD3 associated with average root diameter was detected on chromosome 3.Two putative QTLs controlling total root length 

were detected on chromosomes 5 (qRL5) and 8 (qRL8). One QTL qASA5 affecting average surface area was detected on 

chromosomes 5. The qARL5 affecting average root length was identified at the same region with qRL5 and qASA5.Three QTLs 

associated with root number were detected on chromosomes 1 (qRN1), 3 (qRN3) and 5 (qRN5). The phenotypic variations (VE) 

explained by individual QTL were ranged from 8.6% to 24.2%. A QTLs cluster formed on chromosome 5. The qRN3 and qRL8 were 

new locus for new formed root traits after transplanting. The QTLs cluster on chromosome 5 was also a new region. These QTLs 

provided “elements” and basic-information for transplanting root architecture and elucidation of root architecture molecular 

mechanism after transplanting of rice. 
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Introduction 

 

Transplanting is the most widespread planting technique for 

rice production in Asia (IRRI, 2002). It started at Han dynasty 

(206 BC -AD 220), spread at Song dynasty (960 - 1279) and 

became universal at Ming-Qing dynasty (1368 - 1911) (Xu and 

Xu, 2006). It is estimated that more than 85% of rice 

production in china adopted transplanting; particularly, almost 

100% in Northeast China, the largest japanoca rice planting 

region of China (5.53 million hectares) (Database of ministry 

of agriculture of CHINA: http://www.zzys.moa.gov.cn/). To 

obtain high yield by the transplanting method, nursery culture 

is of prime importance to provide healthy and vigorous seeding. 

Mechanical transplanting becomes more and more popular 

recently because of the short supplying of transplanting 

laborers. Damage to rice seedlings is inevitable in the process 

of pulling and transplanting of seedlings especially in 

mechanical transplanting, and it leads to growth stagnation for 

several days or even a week after transplanting, being known as 

‘transplanting shock’ (Matsuo et al., 1995). Transplanting 

shock becomes worse than before as wide spreading of seedling 

transplanter (Liu, 2011). Gradually, the original old root loss its 

function and the new formed roots becomes the main 

absorption unit of water and nutrients after transplanting.  

Rice has a fibrous root system, which consists of one primary 

root originating from the seed and a mass of adventitious roots 

formed from the stem during post-embryonic development. A 

growing number of studies have focused on the 

characterization of root development in rice using mutational 

analysis. Lateral roots are important to plants for the uptake of 

nutrients and water. Several members of the Aux/IAA gene 

family have been shown to play crucial roles in lateral root 

development (Nakamura et al., 2006; Zhu et al., 2012; Kitomi 

et al., 2012; Ni et al., 2011). Several gene controlling crown 

root included crl1, crl4, Crl5 and CAND1 were cloned and 

characterized (Inukai et al., 2005; Kitomi et al., 2008; Kitomi et 

al., 2011; Wang et al., 2011). In plants, root hairs are important 

organs for the uptake of nutrients and water from the 

rhizosphere and serve as sites of interaction with soil 

microorganisms. A novel basic helix-loop-helix (bHLH) 

transcription factor and OsAPY had been reported regulating 

root hair development in rice (Ding et al., 2009; Yuo et al., 

2009). In recently, OsARF12 controlling root length were 

cloned (Qi et al., 2012). Although, so many genes related rice 

root had been cloned, but they all characterized by rice mutants. 

As well known, the rice root traits were controlled by 

quantitative trait loci (QTLs) derived from natural variations. 

Horii et al (2006) identified nine QTLs controlled root axis 

length, root dry weight and branching index on chromosome 1, 

6, 9 and 11. Price et al (2002) detected 6 root weight QTLs，11 

root to shoot ratio QTLs，12 root number QTLs and 1 root 

thickness QTLs. Uga et al (2008) identified 10 root traits QTLs 

including 2 for stele transversal area, 4 for total area of late 

metaxylem vessels, 2 for total number of late metaxylem 

vessels and 2 for root thickness. Topp et al (2013) used 3D 



411 
 

techonlogy to identify quantitative trait locus controlling 25 

root architecture traits. 89 QTLs were detected on chromosome 

1, 2, 6, 7, 9 and 11. Wang et al (2013) fine mapped a root length 

QTL, qRL7, on chromosome 7. Obara et al (2010) Fine 

mapped qRL6.1, a major QTL for root length of rice seedlings 

grown under a wide range of NH4 (+) concentrations. Uga et al 

(2012) fine mapped qSOR1, a major rice QTL involved in 

soil-surface rooting on chromosome 7. Uga et al (2010, 2011) 
Fine mapped two linked QTLs for root traits on rice 

chromosome 9, one is Sta1 controlled determining stele 

transversal area, and the other is Dro1 controlled ratio of deep 

rooting. The Dro1 was cloned and reported negatively 

regulated by auxin and is involved in cell elongation in the root 

tip, and causes asymmetric root growth and downward bending 

of the root in response to gravity (Uga et al., 2013). Although 

so many root genes have been functionally characterized, 

information about new formed root after transplanting is still 

limited (Ikeda et al., 2007). In this study, we report the 

identification and confirmation of useful QTLs controlling new 

formed root traits after rice transplanting. These results will be 

useful for map-based cloning of useful QTL and 

marker-assisted selection for high transplanting efficiency 

varieties. 

 

Results 

 

The performance and correlation analysis of new formed root 

traits after transplanting 

 

Before transplanting, seedlings of Nipponbare and Kasalath 

have no significant difference for the five target traits. The 

average root diameter, total root length, average surface area, 

root length and root number of Nipponbare were significantly 

higher than Kasalath at 7 days after transplanting (Table 1). The 

average root diameter, total root length, average surface area, 

root length and root number of Nipponbare were 1.62, 2.85, 

2.35, 1.09 and 2.62 times of Kasalath. All the five traits showed 

a continuous normal distribution in the BILs population 

according to Skewness and Kurtosis value. Transgressive 

segregation was also identified. These results suggested that 

this population was adapted to QTL analysis. 

 

The correlation analysis of new formed root traits after 

transplanting 

 

The average root diameter showed positive correlation with 

both total root length (0.4142*) and average surface area 

(0.4657*). The total root length showed positive correlations 

with average surface area (0.9596**), root length (0.6659**) and 

root number (0.74556**). Highly positive correlations were 

detected between average surface area and root length 

(0.6279**) as well as root number (0.7273**). No significant 

correlation was identified between root length and root number. 

 

QTL controlling new formed root traits after transplanting in 

rice 

 

A total of eight significant QTLs were identified for the five 

traits using CIM as summarized in Figure 1 and Table 3. The 

number of QTLs detected ranged from one to three per trait. 

These eight QTLs were located in five intervals distributed 

along the chromosome 1, 3, 5 and 8 (Fig. 1). 

One QTL on chromosome 3 (qARD3) was associated with 

average root diameter. The Nipponbare allele conferred a 

positive effect at this locus, increasing the root diameter. The 

phenotypic variation explained by this QTL was 22.6 % in the 

BC1F5 lines. Two putative QTLs controlling total root length 

were detected on chromosomes 5 (qRL5) and 8 (qRL8). 

Phenotypic variation explained by qRL5 and qRL8 were 10.9 % 

to 24.2 %, respectively, and these two QTLs explained 35.1 % 

of the total phenotypic variation in the BC1F5 population. At 

qRL5, the Nipponbare allele increased the total root length 

whereas the Nipponbare allele decreased the total root length at 

qRL8. One putative QTLs affecting average surface area was 

detected on chromosomes 5. The Nipponbare allele increased 

the average surface area at this locus. The qASA5 accounted for 

18.0 % of the phenotypic variation. One putative QTL on 

chromosome 5 affecting average root length was identified at 

the same region with qRL5 and qASA5. The Nipponbare allele 

increased the average root length at this locus. The phenotypic 

variation explained by qARL5 was 14.2 %. Three QTLs 

associated with root number were detected on chromosomes 1, 

3 and 5. The Nipponbare allele decreased the root number at 

qRN1 and qRN3 but increased the root number at qRN5. The 

qRN5 was also located at the qRL5 and qASA5 region. The 

phenotypic variation explained by the three QTLs ranged from 

8.6 % and 10.1 %. 

 

Discussion 

 

The finally yield of rice is formed from synergistic effect of 

roots and shoots. In recently, research focus gradually shifted to 

the underground part (root) of rice, and proposing the “Root 

Breeding”. Although many root mutant genes and QTLs for 

root trait have been functionally characterized or mapped, 

limited information is available on new formed root after 

transplanting (Nakamura et al., 2006; Zhu et al., 2012; Kitomi 

et al., 2012; Ni et al., 2011; Topp et al., 2013; Li et al., 2005; 

Kamoshita et al., 2002; Qu et al., 2004). In this study, we 

identified eight QTLs controlling average diameter, total root 

length, average surface area, root length and root number. And 

they distributed on chromosome 1, 3, 5 and 12 and formed a 

QTLs clusters on chromosome 5. These QTLs provided 

“breeding elements” and could help us to clone rice new 

formed root genes after transplanting. To compare the QTLs 

identified in this paper with the other research team report by 

QTL Annotation Rice Online (http://qtaro.abr.affrc. 

go.jp/index.html), we founded that qRN1 was located in the 

same region with the QTLs controlling penetrated root 

thickness (Zheng et al., 2000), deep root ratio (Kamoshita et al., 

2002) and adventitious root number (Zheng et al., 2006). The 

qARD3 was located in the same region with the QTLs for Root 

value (Fang et al., 1999). The qRN3 and qRL8 were new locus 

for new formed root traits after transplanting. The QTL cluster 

on chromosome 5 was also a new region with high research and 

application value controlling total root length, average surface 

area, root length and root number of new formed root after 

transplanting. As the rapid development of agricultural 

machinery and large-scale transfer of rural labor, Mechanical 

transplanting has become more and more widespread in recent 

years instead of traditional manual transplanting. The 

mechanical transplanting area has occupied 80% of the total 

rice area in Heilongjiang province (the rice planting area has 

been more than 4 million hectares). Damage to rice seedlings is 

inevitable in the process of pulling and transplanting of 

seedlings especially in mechanical transplanting. The 

‘transplanting shock’ by mechanical transplanting is always 

more than manual transplanting with 3-5 days or even more 

than a week. The new breeding target of rice was proposed as 

the new variety must have higher root re-architecture ability. 

We identified stable positive alleles for new formed root traits, 

Nipponbare positive allele was locked between C624 and C1018 
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     Table 1. Performance of transplanting rice root traits in Nipponbare, Kasalath and BILs population. 

Trait Kasalath Nipponbare Difference Range Mean±SD Skweness Kurtosis 

Root average diameter 0.39  0.63  0.24**  0.385-0.767 0.529±0.066 0.28  1.00  

Total root length 9.54  27.20  17.66**  5.112-33.079 16.135±6.172 0.56  0.18  

Average surface area 1.99  4.67  2.68**  0.817-6.033 2.710±1.136 0.54  0.08  

Average root length 2.21  2.40  0.20*  1.166-3.958 2.305±0.594 0.43  -0.02  

Root number 4.32  11.32  7.00**  3.333-14.000 6.985±2.058 0.90  1.15  

 

 

 
Fig 1. Putative QTLs for root traits identified at 7 days after transplanting. The legends on the chromosomes represent putative 

regions of QTLs for each trait. 

 

 

Table 2. Correlation indexes of transplanting rice root traits in Kasalath, Nipponbare and BILs population. 

Trait Root average diameter Total root length Average surface area Average root length Root number 

Root average diameter 1.000  
    

Total root length 0.4142* 1.000  
   

Average surface area 0.4657* 0.9596** 1.000  
  

Average root length 0.163  0.6659** 0.6279** 1.000  
 

Root number 0.167  0.74556** 0.7273** 0.030  1.000  

 

 

       Table 3. QTLs controlling root ability related trait in transplanting rice. 

QTL Chromosome Marker interval Physical location Peak LOD PEV(%) a Additive effect b 

qARD3 3 C63-C25 3,965,273-8,410,886 5.74 22.6 -0.0354 

qRL5 5 C624-C1018 21,372,388-24,477,046 5.59 24.2 -3.4974 

qRL8 8 R1813-C166 3,174,171-7,595,028 3.37 10.9 2.3817 

qASA5 5 C624-C1018 21,372,388-24,477,046 4.76 18.0 -0.5569 

qARL5 5 C624-C1018 21,372,388-24,477,046 3.41 14.2 -0.2578 

qRN1 1 C742-C86 37,713,253-40,919,341 2.52 8.6 0.6980 

qRN3 3 C944-C136 26,729,079-28,528,927 2.93 10.1 0.7973 

qRN5 5 C624-C1018 21,372,388-24,477,046 2.80 9.8 -0.7660 
          a

Percentage of explained phenotypic variation, b Positive and negative values indicate that alleles of Kasalath and Nipponbare, respectively. 
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region on chromosome 5. The molecular markers needed for 

breeding will be developed by sequence these regions. In rice 

production, the japonica rice always showed more suitable for 

dry land nursery and transplanting than indica rice. But we still 

found the allele from indica variety Kasalath had the positive 

function. It may be because of the "hidden diversity". Using 

diverse indica germplasm as donors in rice breeding could 

effectively improve transplanting new formed root traits of 

japonica rice in Northeast China with increasing genetic 

diversity and without losing their high yield potential. 

 

Materials and Methods 

 

Plant materials 

 

A total of 98 backcross recombinant inbred lines (BC1F5) were 

used. They were constructed by Lin et al. (1998) from an 

intersubspecific backcross, Nipponbare / Kasalath // 

Nipponbare, by the single seed descent method. The 

chromosome map adopted for this study was developed earlier 

using 245 RFLP markers (Lin et al., 1998). Nipponbare, a 

Japan japonica rice, is more suitable for transplanting than 

indica rice Kasalath. 

 

Cultivation and morphological analysis 

 

The field experiments were conducted in the rice growing 

seasons on the experimental farm of Cultivation and Farming 

Research Institute of Heilongjiang Academy of Agricultural 

Sciences, Harbin, China (Longitude 126°83′E; Latitude 

45°85′N).  

The dry land nursery was used to obtain high quality seedling. 

The sowing date was April 18 and transplanting date was May 

21. Field and seeding bed management essentially followed 

standard agricultural practice. Fertilizers applied were 60, 90, 

and 90 kg/ha for N, P2O5, and K2O, respectively. 

One healthy seeding with one tiller at fourth leaf stage was 

transplanted in each hill. Four-row plots with 12 plants per row 

were planted in a 30 cm × 15 cm distance in a completely 

randomized block design with three replications. Ten plants in 

each plots were sampled at 7 days after transplanting and then 

another plant was transplanted again. The average root diameter, 

total root length, average surface area, root length and root 

number of new white root were measured by software 

WinRHIZO Reg 2009c (Regent Instruments Inc.) at 7. The 

mean value of three replications were used to QTL analysis. 

 

QTL analysis 

 

QTL detection was carried out by Composite Interval Mapping 

(CIM) method in Qgene 4.3.2 software (Joehanes and Nelson, 

2008). Composite interval analysis was undertaken using 

automatic parameter setting and controlling marker forward 

stepwise. The threshold of LOD score was determined by the 

method of permutation (1,000 times). A putative QTL was 

detected between the markers when the LOD score was larger 

than the threshold. 

 

Conclusion 

 

The QTLs controlling new formed root traits after transplanting 

were detected by using Nipponbare, Kasalath and ninety-eight 

backcross recombinant inbred lines (BC1F5) at 7 days after 

transplanting. The qARD3 associated with average root 

diameter was detected on chromosome 3.Two putative QTLs 

controlling total root length were detected on chromosomes 5 

(qRL5) and 8 (qRL8).One QTL qASA5 affecting average 

surface area was detected on chromosomes 5. The qARL5 

affecting average root length was identified at the same region 

with qRL5 and qASA5.Three QTLs associated with root number 

were detected on chromosomes 1 (qRN1), 3 (qRN3) and 5 

(qRN5). The qRN3 and qRL8 were new locus for new formed 

root traits after transplanting. The QTLs cluster on 

chromosome 5 was also a new region. 

 

Acknowledgments 

 

The research was supported by the National Natural Science 

Foundation of China (31100881), Special Financial Grant from 
the China Postdoctoral Science Foundation (2013T60396), the 

National Science and Technology Infrastructure Program 

(2011BAD16B11 and 2011BAD35B02), the China Post- 

doctoral Science Foundation (2011M501077) and Heilongjiang 

Postdoctoral Financial Assistance (2011-Z11030).  

 

Reference 

 

Ding W, Yu Z, Tong Y, Huang W, Chen H, Wu P (2009) A 

transcription factor with a bHLH domain regulates root hair 

development in rice. Cell Res. 11:1309-1311. 

Hu XM, Guo LB, Zeng DL, Gao ZY, Teng S, Li HG, Zhu LH, 

Qian Q (2004) QTL Mapping and Epistasis Analysis of Rice 

Root Growth Ability at Seedling Stage. Chinese J Rice Sci. 5: 

396-400. 

Horii H, Nemoto K, Miyamoto N, Harada J (2006) Quantitative 

trait loci for adventitious and lateral roots in rice. Plant 

Breeding. 125: 198-200. 

Ikeda H, Kamoshita A, Manabe T (2007) Genetic analysis of 

rooting ability of transplanted rice (Oryza sativa L.) under 

different water conditions. J Exp Bot. 2: 309-318. 

Inukai Y, Sakamoto T, Ueguchi-Tanaka M, Shibata Y, Gomi K, 

Umemura I, Hasegawa Y, Ashikari M, Kitano H, Matsuoka 

M (2005) Crown rootless1, which is essential for crown root 

formation in rice, is a target of an AUXIN RESPONSE 

FACTOR in auxin signaling. Plant Cell. 5: 1387-1396. 

IRRI. 2002 Rice almanac, 3rd end. Los Baños, Philippines: 

International Rice Research Institute. 

Joehanes R, Nelson JC (2008) QGene 4.0, an extensible Java 

QTL-analysis platform. Bioinformatics. 24: 2788-2789. 

Kamoshita A, Wade J, Ali L, Pathan S, Zhang J, Sarkarung S, 

Nguyen HT (2002) Mapping QTLs for root morphology of a 

rice population adapted to rainfed lowland conditions. Theor 

Appl Genet. 5: 880-893. 

Kitomi Y, Inahashi H, Takehisa H, Sato Y, Inukai Y (2012) 

OsIAA13-mediated auxin signaling is involved in lateral root 

initiation in rice. Plant Sci. 190: 116-122. 

Kitomi Y, Ito H, Hobo T, Aya K, Kitano H, Inukai Y (2011) The 

auxin responsive AP2/ERF transcription factor CROWN 

ROOTLESS5 is involved in crown root initiation in rice 

through the induction of OsRR1, a type-A response regulator 

of cytokinin signaling. Plant J. 3: 472-484. 

Kitomi Y, Ogawa A, Kitano H, Inukai Y (2008) CRL4 regulates 

crown root formation through auxin transport in rice. Plant 

Root. 2: 19-28. 

Li ZC, Mu P, Li CP, Zhang HL, Li ZK, Gao YM, Wang XK 

(2005) QTL mapping of root traits in a doubled haploid 

population from a cross between upland and lowland 

japonica rice in three environments. Theor Appl Genet. 7: 

1244-1252. 

Lin SY, Sasaki T, Yano M (1998) Mapping quantitative trait 

loci controlling seed dormancy and heading date using 

backcross inbred lines in rice, Oryza sativa L. Theor Appl 

Genet. 96: 997-1003. 

 



414 
 

Liu KS (2011) Technical measure and solution for machine 

transplanting rice seedlings turning green long period. 

Agricul Machin Technol Extension. 3: 53. 

Matsuo T, Kumazawa K, Ishii R, Ishihara K, Hirata H (1995) 

Science of rice plant, Vol II. Physiology. Tokyo: Food and 

Agriculture Policy Research Center. 

Nakamura A, Umemura I, Gomi K, Hasegawa Y, Kitano H, 

Sazuka T, Matsuoka M. 2006 Production and characterization 

of auxin-insensitive rice by overexpression of a mutagenized 

rice IAA protein. Plant J. 2: 297-306. 

Ni J, Wang G, Zhu Z, Zhang H, Wu Y, Wu P (2011) 

OsIAA23-mediated auxin signaling defines postembryonic 

maintenance of QC in rice. Plant J. 3: 433-442. 

Obara M, Tamura W, Ebitani T, Yano M, Sato T, Yamaya T 

(2010) Fine-mapping of qRL6.1, a major QTL for root length 

of rice seedlings grown under a wide range of NH4(+) 

concentrations in hydroponic conditions. Theor Appl Genet. 3: 

535-547. 

Price AH, Steele KA, Moore BJ, Jones RGW (2002) Upland 

rice grown in soil-filled chambers and exposed to contrasting 

water-deficit regimes: II. Mapping quantitative trait loci for 

root morphology and distribution. Field Crops Res. 76: 

25-43. 

Qi YH, Wang SK, Shen CJ, Zhang SN, Chen Y, Xu YX, Liu Y, 

Wu YR, Jiang DA. 2012 OsARF12, a transcription activator 

on auxin response gene, regulates root elongation and affects 

iron accumulation in rice (Oryza sativa). New Phytolo. 1: 

109-120. 

Qu YY, Mu P, Zhang HL, Chen CY, Gao YM, Tian YX, Wen F, 

Li ZC (2008) Mapping QTLs of root morphological traits at 

different growth stages in rice. Genetica. 2: 187-200. 

Fang P, Wu P, Tao QN (1999) QTLs for rice root morphological 

characters. Acta Agron Sin. 2: 181-185.  

Topp CN, Iyer-Pascuzzi AS, Anderson JT, Lee CR, Zurek PR, 

Symonova O, Zheng Y, Bucksch A, Mileyko Y, Galkovskyi T, 

Moore BT, Harer J, Edelsbrunner H, Mitchell-Olds T, Weitz 

JS, Benfey PN (2013) 3D phenotyping and quantitative trait 

locus mapping identify core regions of the rice genome 

controlling root architecture. Proc Natl Acad Sci USA. 18: 

E1695-704. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Uga Y, Hanzawa E, Nagai S, Sasaki K, Yano M, Sato T (2012) 

Identification of qSOR1, a major rice QTL involved in 

soil-surface rooting in paddy fields. Theor Appl Genet. 1: 

75-86. 

Uga Y, Okuno K, Yano M (2008) QTLs underlying natural 

variation in stele and xylem structures of rice root. Breeding 

Sci. 58: 7-14. 

Uga Y, Okuno K, Yano M (2010) Fine mapping of Sta1, a 

quantitative trait locus determining stele transversal area, on 

rice chromosome 9. Mol Breed. 26: 533-538. 

Uga Y, Okuno K, Yano M (2011) Dro1, a major QTL involved 

in deep rooting of rice under upland field conditions. J Exp 

Bot. 8: 2485-2494. 

Uga Y, Sugimoto K, Ogawa S, Rane J, Ishitani M, Hara N, 

Kitomi Y, Inukai Y, Ono K, Kanno N, Inoue H, Takehisa H, 

Motoyama R, Nagamura Y, Wu JZ, Matsumoto T, Takai T, 

Okuno K, Yano M (2013) Control of root system architecture 

by DEEPER ROOTING 1 increases rice yield under drought 

conditions. Nature Genet. 45: 1097-1102. 

Wang HM, Xu XM, Zhan XD, Zhai RR, Wu WM, Shen XH, 

Dai GX, Cao LY, Cheng SH (2013) Identification of qRL7, a 

major quantitative trait locus associated with rice root length 

in hydroponic conditions. Breed Sci. 63: 267–274. 

Wang XF, He FF, Ma XX, Mao CZ, Hodgman C, Lu CG, Wu P 

(2011) OsCAND1 is required for crown root emergence in 

Rice. Mol Plant. 2: 289-299. 

Xu DX, Xu X (2006) Evolution of direct seeding rice and 

transplanting rice in China and development of sowing 

technologies. China Rice. 3: 6-9. 

Yuo T, Toyota M, Ichii M, Taketa S (2009) Molecular cloning 

of a root hairless gene rth1 in rice. Breed Sci. 59: 13-20. 

Zheng BS, Yang L, Mao CZ, Zhang WP, Wu P (2006) QTLs 

and candidate genes for rice root growth under flooding and 

upland conditions. J Genet Genomics. 33: 141-151. 

Zheng HG, Babu RC, Pathan MS, Ali L, Huang N, Courtois B, 

Naguyen HT (2000) Quantitative trait loci for 

root-penetration ability and root thickness in rice: comparison 

of genetic backgrounds. Genome. 43: 53-61. 

Zhu ZX, Liu Y, Liu SJ, Mao CZ, Wu YR, Wu P (2012) A 

gain-of-function mutation in OsIAA11 affects lateral root 

development in rice. Mol Plant. 5: 154-161. 


