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Background 
Morphological diversity among varieties of Brassica 
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(BB) 
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(AA) 
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Background 
Position of Broccoli in vegetable 

 An important vegetable crop in Crucifers 

 Anti-cancer  effect        sulforaphane,   SF,   C6H11NOS2 

       (Isothiocyanate Salts mainly exists in Broccoli and other  

     Cruciferous vegetables) 

 Secondary metabolic reactions     



Background 

Application of Broccoli Male Sterile Lines 

Inbred 

DGMS 

CMS 

B.Oleracea L.var.italica Planch 

Produce hybrid 



Background 
Types of Male Sterile Lines in Broccoli 

Dominant Genic Male 

Sterility (DGMS) lines 

Ogura Cytoplasmic Male 

Sterility (Ogura CMS) lines 



Background 
Visiting bees between two lines in the field 

Ogura CMS8554 DGMS 8554 

Seed yield was significantly different between DGMS and Ogura CMS  



• Buds  Death  Degree 

• Flower  Organs  Size 

• Numbers of Visiting Bees 

    (Pollination -Nectar-Nectary) 

Background 
Why Seed Yield has Significant Difference between 

DGMS and Ogura CMS? 



Background 

OguCMS93219 DGMS93219 93219 

Buds  Death  Degree 



Background 
Flower  Organs  Size 

93219 
 
 
DGMS93219 
 
 
 
OguCMS93219 



What Is Nectary ? 

• Nectary is the unique gland to secret nectar in 

Crucifers, its development level determines the 

plant's ability to secrete nectar, affects the insect 

pollination and seed production. 

Background 
Nectary 



Background 
Morphology of Nectaries in Broccoli   
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Nectary 
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  Why?  

           What? 

                     How? 

   Final Objective   Seed Yield  

 

Questions 



• Purpose  To Study the molecular regulation of 

nectary development. 

 

• Significance  Supply theories for improving the 

function of nectary in Broccoli。 

Purpose and Significance 



• Materials:  Inbred, DGMS and Ogura CMS of 8554 

and 93219. 

• Methods:  Transcriptome Sequencing, Bioinformatics 

prediction of nectary development references genes 

(proteins) and experimental analysis. 

Materials and Methods 



 Prediction and Analysis 
1. Uniport search and database query (8/95) 

 Entry Organism Protein names Gene names Length  

Q9SBK6 
Brassica rapa subsp. 

pekinensis 
Jasmonate O-methyltransferase JMT NTR1 392AA 

Q8L925 Arabidopsis thaliana Protein CRABS CLAW 
CRC At1g69180 

F23O10.23 F4N2.14 
181AA 

Q9ZVC2 Arabidopsis thaliana Regulatory protein NPR5 
NPR5 BOP2 

At2g41370 F13H10.8 
491AA 

Q9M1I7  Arabidopsis thaliana Regulatory protein NPR6 
NPR6 BOP1 

At3g57130 F24I3.210 
467AA 

Q9FMY1 Arabidopsis thaliana Cytochrome P450 86B1 
CYP86B1 At5g23190 

MKD15.5 
559AA  

Q94EG3 
Nicotiana langsdorffii 

x Nicotiana sanderae  
Nectarin-1 NEC1 229AA 

Q84UV8 
Nicotiana langsdorffii 

x Nicotiana sanderae  

Bifunctional monodehydroascorbate 

reductase a... 
NEC3 274AA 

Q9FPN0 Petunia hybrida 
Bidirectional sugar transporter 

NEC1 
NEC1 265AA 



 Prediction and Analysis 
2. Sequence analysis 

Identical positions 0 

Identity  0% 

Similar positions  1 



 Prediction and Analysis 
3. Molecular phylogeny analysis  

Arabidopsis thaliana 

     NPR6 (BOP1)  

 BTB/POZ-1 （豌豆）

 BTB/POZ （豌豆）

 BTB/POZ （蒺藜苜蓿）

 BOP/NPR1/NIM1-like （蒺藜苜蓿）

 BTB/POZ （百脉根）

 PHAVU_001G124100g （菜豆）

 BTB/POZ （大豆）

 blade-on-petiole （羽扇豆）

 BOP/NPR1/NIM1-like （杨树）

 BOP/NPR1/NIM1-like （杨树）

 CICLE_v10004795mg （克莱门柚）

 Ankyrin/BTB/POZ （可可）

 VITISV_010389 （葡萄）

 PHAVU_007G248000g （菜豆）

 PRUPE_ppa004578mg （碧桃）

 M569_02396 （螺旋狸藻）

 BOP1 （烟草）

 BOP4 （烟草）

 BOP3 （烟草）

 M569_01131 partial （螺旋狸藻）

 NPR6 （拟南芥）

 ARALYDRAFT_324222 （琴叶拟南芥）

 CARUB_v10018976mg（荠菜）

 EUTSA_v10005948mg （山嵛菜）

 NPR1 （芜菁）

 EUTSA_v10016568mg （山嵛菜）

 CARUB_v10023088mg （瘦果）

 ARALYDRAFT_903451 （琴叶拟南芥）

 BOP2 （拟南芥）

 unknown （拟南芥）



 Prediction and Analysis 
4. Transmembrane structure prediction 

(tmap THMHMM) 

Jasmonate O-methyltransferase (Brassica rapa subsp. Pekinensis ) 



 Prediction and Analysis 
Transmembrane structure prediction 

(tmap THMHMM) 

Protein CRABS CLAW (Arabidopsis thaliana transcription factor) 



 Prediction and Analysis 
Transmembrane structure prediction 

(tmap THMHMM) 

Regulatory protein NPR5 (Arabidopsis thaliana) 



 Prediction and Analysis 
Transmembrane structure prediction 

(tmap THMHMM) 

Regulatory protein NPR6 (Arabidopsis thaliana) 



 Prediction and Analysis 
Transmembrane structure prediction 

(tmap THMHMM) 

Cytochrome P450 86B1 (Arabidopsis thaliana) 



 Prediction and Analysis 
Cytochrome P450 86B1 (Arabidopsis thaliana) 

Start     End    TransMem          Sequence 

   32      52        1                     LLRDVQILELLIAIFVFVAIH 

   61      81        2                     GLPVWPFLGMLPSLAFGLRGN  



 Prediction and Analysis 
Transmembrane structure prediction 

(tmap THMHMM) 

Nectarin-1 (Nicotiana langsdorffii x Nicotiana sanderae ) 



 Prediction and Analysis 
Transmembrane structure prediction 

(tmap THMHMM) 

Bifunctional monodehydroascorbate reductase a...  

                                                                   (Nicotiana langsdorffii x Nicotiana sanderae ) 



 Prediction and Analysis 
Transmembrane structure prediction 

(tmap THMHMM) 

Bifunctional monodehydroascorbate reductase a...  

                                                                   (Nicotiana langsdorffii x Nicotiana sanderae ) 



 Prediction and Analysis 
Transmembrane structure prediction 

(tmap THMHMM) 

Bidirectional sugar transporter NEC1  (Petunia hybrida) 



 Prediction and Analysis 

Bidirectional sugar transporter NEC1  (Petunia hybrida) 

Start     End  TransMem       Sequence 

   40        60        1                 SSEGYQAIPYMVALFSAGLLL 

   69        89        2                 AYLIVSINGFGCAIELTYISL 

   98       118       3                 SKIFTGWLMLLELGALGMVMP 

 127       147       4                 SHRVMIVGWICAAINVAVFAA 

 164       184       5                 MPFTLSLFLTLCATMWFFYGF 

 190       210       6                 YIAFPNILGFLFGIVQMLLYF 



 Prediction and Analysis 

Bidirectional sugar transporter NEC1  (Petunia hybrida) 



 Prediction and Analysis 
5. Signal peptide (SingleIP) 



 Prediction and Analysis 
Signal peptide (SingleIP) 

Tobacco 

Tobacco 



 Prediction and Analysis 
6. Subcellular localization (TargetP) 1-2 



 Prediction and Analysis 
Subcellular localization (TargetP) 3-4 



 Prediction and Analysis 
Subcellular localization (TargetP) 5-6 

Tobacco 



 Prediction and Analysis 
Subcellular localization (TargetP) 7-8 

Tobacco 

Petunia 



 Prediction and Analysis 
7. Pathway of NPRn (KEGG)  



 Prediction and Analysis 
Pathway of NPR1 (KEGG)  



 Prediction and Analysis 
8. Homology modeling  

3D Structure prediction  

      Petunia hybrida   Bidirectional sugar transporter NEC1 



 Prediction and Analysis 
3D Structure prediction  

Brassica rapa subsp. Pekinensis   Jasmonate O-methyltransferase 



 Prediction and Analysis 
Brassica rapa subsp. Pekinensis   Jasmonate O-methyltransferase 



 Prediction and Analysis 
3D Structure prediction  

Arabidopsis thaliana   CRABS CLAW (transcription factor) 



 Prediction and Analysis 

Arabidopsis thaliana   CRABS CLAW (transcription factor) 



 Prediction and Analysis 
3D Structure prediction  

Arabidopsis thaliana   Regulatory protein NPR5 



 Prediction and Analysis 
Arabidopsis thaliana   Regulatory protein NPR5 



 Prediction and Analysis 
3D Structure prediction  

Arabidopsis thaliana   Regulatory protein NPR6 



 Prediction and Analysis 
Arabidopsis thaliana   Regulatory protein NPR6 



 Prediction and Analysis 
3D Structure prediction  

Conclusion: 

    The proportions of Alpha Helix  are high 

among the nectary developmental proteins. 



 Conclusion and Programme 

        Conclusion: The nectary developmental related genes (proteins) 

are different in Sequence, Transmembrane structure, Signal peptide, 

Subcellular localization, 3D Structure among the existing sequences. 

 

        Programme: Analyze above genes or proteins (Jasmonate O-

methyltransferase, transcription factor, Regulatory protein, 

Cytochrome P450, Sugar transporter, membrane protein, NEC3 -

alpha-carbonic anhydrase family) and the new specific genes 

(protein) from the RNA-Seq Database. 

http://www.uniprot.org/uniprot/?query=family:%22alpha-carbonic+anhydrase+family%22
http://www.uniprot.org/uniprot/?query=family:%22alpha-carbonic+anhydrase+family%22
http://www.uniprot.org/uniprot/?query=family:%22alpha-carbonic+anhydrase+family%22
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