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POSITIONAL CLONING AND CHARACTERIZATION REVEAL THE 

MOLECULAR BASIS FOR SOYBEAN MATURITY LOCUS E1 THAT 

REGULATES PHOTOPERIODIC FLOWERING  

 

XIA Z
1,2

, WATANABE S
2
, YAMADA T

3
, TSUBOKURA Y

2
, NAKASHIM H

4
, ZHAI H

1
,  

ANAI T
4
, YAMAZAKI T

5
, LÜ S

1
, WU H

1
 AND HARAD K

1,2
 

 

1
Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Harbin 150081, 

China; 
2
Soybean Applied Genomics Research Unit, National Institute of Agrobiological Sciences, 

Tsukuba 305-8602, Japan; 
3
Graduate School of Agriculture, Hokkaido University, Sapporo 060-8589, 

Japan; 
4
Faculty of Agriculture, Saga University, Saga 840-8502, Japan; 

5
Biomolecular Research Unit, 

National Institute of Agrobiological Sciences, Tsukuba 305-8602, Japan 

E-mail: xiazhj@neigaehrb.ac.cn 

 

The maturity locus E1 has a large impact on flowering time in soybean, but the molecular basis for the 

E1 locus is largely unknown. Through positional cloning, we delimited the E1 locus to a 17.4-kb 

region containing an intron-free gene (E1). The E1 protein contains a putative bipartite nuclear 

localization signal and a region distantly related to the B3 domain. In the recessive allele, a 

non-synonymous substitution occurred in the putative nuclear localization signal, leading to the loss of 

localization specificity of the E1 protein and earlier flowering. E1 expression was significantly 

suppressed under short-day conditions and showed a bimodal diurnal pattern under long-day 

conditions, suggesting its response to photoperiod and its dominant effect induced by long day length. 

When a functional E1 gene was transformed into the early-flowering cultivar Kariyutaka with low E1 

expression, transgenic plants carrying exogenous E1 displayed late flowering. Furthermore, the 

transcript abundance of E1 was negatively correlated with that of GmFT2a and GmFT5a, homologues 

of FLOWERING LOCUS T that promote flowering. The molecular identification of the maturity locus 

E1 will contribute to our understanding of the molecular mechanisms by which a short-day plant 

regulates flowering time and maturity. 
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Temperature accelerates the speed 

Vegetative 
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 Reproductive  

Growth 

Photoperiod response  

Photoperiodic response in soybean 

Southern cultivars  North Flowers late 

Northern cultivars  South Flowers early 

Soybean is a short day (SD) plant 

In the northern hemisphere (China, USA, Canada） 
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Parents of mapping populations (E2, E3) 
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Misuzudaizu 

Morphological differences between Parents 

Mashidougong503 



E1 

DNA Research, 2007 
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Linkage map (2) 
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QTL mapping 



Library Name 
 

GmMiB 
 

GmWBb 

Cultivars Misuzudaizu Williams 82 

Vector PBAC-LAC pIndiogoBac526 

Clones 53760 92160 

Insert size 116.2Kb 150Kb 

X 5.43 12 

Restriction 

Enzyme 
HindIII BstyI 

General information of BAC libraries 



3D pooling of BAC libraries 
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Contig development 



Residual Heterozygous Line  

RHL  Strategy 



Fine mapping and positional cloning of E3 



Genetics，2009 GmPhyA3 



E3 

（E3) GmPhyA3 
•Light quality 
•E3 and E4 can control E1 

Effects on Photoperiodic response:  medium 
Flowering time and maturity: medium 



Positional cloning of E2 gene  

2011. Genetics 188(2):395-407.  



Segregation in the progeny 



E2 and Marker4 is tightly linked 



GmGIa (Gigantea) 

delimited to ~30 kb region 



GmFTs  

Plant Physiology，2010 



Expression Profiles of GmFTs(GmFT2a/GmFT5a) 



Positional cloning of E1 
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Additive effect 9.7 

Dominance effect 4.0 
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0.1 cM is too large 

Yamanaka et al (2005) 



 
 
 
 
 
 
 
 

2005 : F2: 105 individuals 

2006:  F3: 1,442 individuals 289 kb 

2007:  F4: 1446 individuals  

2008:  F5: 1,3762 individuals 17.4 kb 

         Harosoy E1 
                  

         Harosoy （e1） 

Plant Material 



Harosoy e1e1 Harosoy E1E1 



Mapping with 1,442 plants 





Annotation using RiceGAAS 

More than 40 genes  
were identified within 289 kb region 



Contig and marker development 



Air flow   

10 recombinants/13760 seeds 





10 recombinants identified 



Figure S4. The segregation patterns of recombinants for flowering time in progeny. The flowering time for both parent lines ,Harosoy and  Harosoy E1 were indicated 

in yellow and green color. The column with different with white, black and hatched background represented the genotypes of e1-as, E1 and heterozygote using dCAPS 

marker TI, respectively. The phenotype for flowering time corresponded to  the genotypes of  maker TI,  indicating genetic factor underlying the segregation is located 

in E1 region.  
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Progeny test 



Delimit E1 locus to a 17.4 kb region 





E1 Contains a bipartite nuclear localization signal  



Transcription factor? 

 
 

 

Subcellular localization 



E1 showing transcriptional repression activity 



Expression  



Transformation  





Three EMS derived E1 mutants  





E1 genotype 



E1 effect 

Harbin 
 Canada 

(E Cober) 

 Transgenic plants 





Genetics, 2008 

PNAS, 2012 

Genetics, 2009 

Plant Physiology, 2010 

Plant Physiology, 2010 

Genetics, 2011 

Putative photoperiod response pathway 
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Conclusion and future prospective 

• With the use of the large populations, we successfully 
cloned the E1 gene 

• The E1 gene is legume specific, implying soybean has a 
specific photoperiod pathway deferent from 
Arabidopsis and rice 

• E1 contains a bipartite nuclear signal and a domain 
distantly related to AP2 

• E1 genotype and expression level control flowering 
time 

• The functional mechanism (ongoing)  

 how the E1 expression is regulated? 

 how E1 controls GmFTs? 
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Map-based cloning in soybean Genome wide association study 
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