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Background

What factors affect the value of Lily?

Flower colors Plant type and flower shape

Flower fragrances Resistance Anthesis



*

Thank you for your attention!



明黄的文心兰、火红的玫瑰、鲜艳的红掌、芬芳的百合
百合具有纯洁、伟大的爱和深深祝福的意义
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Fig. 1  The main parts of Lily
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摘自《百合，球根花卉之王》
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Plant types and flower shapes



Flower pigments
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Background

From green to white

From green to purple

The Asiatic lily cultivar



Background

B a s e d o n t h e f u n c t i o n a l
annotation and gene expression
a n a l y s e s o f t r a n s c r i p t o m e
sequencing data in Lilium‘Tiny
Padhye’, a unigene (>c117585_g2)
was ident i f ied as a puta t ive
anthocyanin-related WRKY unigene
( LhWRKY44 ) , f o r w h i c h t h e
expression pattern was positively
correlated with those of anthocyanin
biosynthetic genes (Xu et al. 2017).

LhWRKY44？



Background

 Anthocyanins are responsible for the pink, red and
purple pigmentation of fowers in Asiatic hybrid
lilies, synthesized at the cytoplasmic surface of the
endoplasmic reticulum and then transported to the
vacuole.

 To date， the molecular mechanisms underlying
these changes remain largely uncharacterized.

 How does WRKY TF participate in and regulate
anthocyanins？



WRKY family transcription factor

Plant growth and development 
Biotic and abiotic stress responses 
Leaf senescence
Anthocyanin, proanthocyanidin biosynthesis
Flowering 
Seed development 
Trichome patterning 

(Paul J et al , 2010)



WRKY family transcription factor

Fig.2 The WRKY domain. 
The WRKY motif is highlighted in yellow and the cysteines and histidines that form the zinc 

finger are shown in blue. The four b-strands are shown in red. I CT and I NT denote the N-terminal 
and C-terminal WRKY domains from Group I WRKY proteins. (Paul J et al , 2010)



WRKY family transcription factor

Fig. 3  Two views of a spacefill structural model of the C-terminal 
WRKY domain from AtWRKY4

the WRKYGQK motif is shown in yellow and the cysteines and 
histidines that form the zinc_x0002_binding pocket are shown in 

blue (Paul J et al , 2010)

Q9XI90-WRKY4_ARATH      AT1G13960



WRKY family transcription factor

Fig. 4  Phylogenetic tree of the WRKY family in higher plants

CX4-5CX22-23HXH (C2H2)
CX7CX23HXC (C2HC)

WRKYGQK motif

(Paul J et al , 2010)





Sequencecs Alignment analysis 

 PlantTFDB 
blastp

All species
LhWRKY44  

Fig. 5  Align sequences of LhWRKY44



Sequencecs Alignment analysis 

NCBI Global 
Align（Needle）

LhWRKY44-
EgWRKY

Fig. 6  Align two sequences of LhWRKY44 and EgWRKY



Sequencecs Alignment analysis 

反应问题：转录组测序拼接结果可能有误

Fig. 7  Multiple  WRKY sequence alignment



Sequencecs Alignment analysis 

Fig. 8  Align two sequences of LhWRKY44 and EgWRKY



Sequencecs Alignment analysis 

Fig. 9  Multiple  WRKY sequence alignment

解决办法：重新拼接转录组结果或Race



Sequencecs Alignment analysis 



Sequence Analysis

 NCBI ORF Finder（https://www.ncbi.nlm.nih.gov/orffinder/）

LhWRKY44 contains a 1386-bp open reading frame and 
encodes a protein of 461 amino acid residues



Sequence Analysis

 NCBI CDD（https://www.ncbi.nlm.nih.gov/cdd/?term=）

The predicted LhWRKY44 protein contains two typical
WRKY domains, which include two WRKYGQK motifs .



Sequence Analysis

Two WRKYGQK motifs
distributed between amino acids
193 and 199, 392 and 398.
One C2-H2 zinc finger motif,

which is hallmarks of class I
WRKY transcription factor.

Fig. 10 Full-length CDS and predicted amino 
acid sequences of LhWRKY44

the amino acids  highlignted are WRKYGQK 
conserved domains，the amino acids underlined is 

C2-H2 zinc finger.



Sequence Analysis

Two WRKYGQK motifs
distributed between amino acids
193 and 199, 392 and 398.
One C2-H2 zinc finger motif,

which is hallmarks of class I
WRKY transcription factor.

Fig. 11 Full-length CDS and predicted amino 
acid sequences of LhWRKY44

the amino acids  highlignted are WRKYGQK 
conserved domains，the amino acids underlined is 

C2-H2 zinc finger.



Phylogenetic tree

 TAIR(https://www.arabidopsis.org/index.jsp)

 PlantTFDB(http://planttfdb.gao-lab.org/index.php)



Phylogenetic tree



Phylogenetic tree



Phylogenetic tree
 iTOL(https://itol.embl.de/itol.cgi)
 MEGA

Fig. 12 Phylogenetic tree analysis of LhWRKY44

LhWRKY44



Phylogenetic tree

Fig. 13 Phylogenetic tree analysis of LhWRKY44
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Subcellular localization

PSORT（https://psort.hgc.jp/）
Lhwrky44 is most likely located in the nucleus.

Gene expression position in cells Rate (%)

Nucleus 88.1029%
Vacular membane 11.8971%

Table 1 Subcellar location prediction of LhWRKY44



Motifs Prediction  
MEME(http://meme-suite.org/tools/meme)



Primer Design

Primer Design - The online primer design tool at 
BioWeb.
Primer Blast - NCBI primer design tool with Blast 
search.
Web Primer - Online primer design tool at the yeast 
genome database.
Snapgene

Primer Premier 5.0



引物设计原则

1. 长度一般为15-30bp，常用的为18-25bp。
2. GC含量为40-60%，以45-55%为宜，上下游引物GC含量和

Tm值要保持接近。

3. 引物与模板结合自由能（ΔG值）相对要低。

4. 错配率一般不要超过100，否则会出现非目的条带。

5. 避免反向重复和自身互补序列。

6. 二聚体及发卡结构能量绝对值一般不要超过4.5，否则容易

产生二聚体而且会降低引物浓度，导致PCR不能正常进行。

7. 3’端连续碱基GGG或CCC会导致错误引发；3'端最后一个碱

基A或T会导致错配。



Primer Design
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*Thanks to the photos provider Pro.Wang in 11th slide .
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Thank you for your attention!Thank you for your attention!
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