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Abstract 

Nowadays researchers have found that the zinc-finger protein Zelda, especially the ones 
with specific CAGGTAG sites, has a great influence on the expression of a certain gene by 
employing many experiments that help determine the function of Zelda. In this passage, 
it mainly focuses on the components and special binding sites of two genes, hunchback 
and CG18269, which both contains strong CAGGTAG sites, to further hypothesize the 
expressions some other binding sites on the embryo of Drosophila melanogaster 
influenced by the Zelda binding site, analyzing the cause of the direction of expression 
and its responsible genes or binding sites contributing to this result of expression. 
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1. Introduction 

Recent study has indicated that the zinc-finger protein Zelda plays an important role in gene’s 

expression. Zelda (Zld), also known as vielfaltig (vfl), raised the possibility that a single factor could 

coordinately activate the early zygotic genome [1]. Zld binds in vitro to CAGGTAG and related 

motifs referred to as TAGteam sites [1]. the transcription factor Zelda, CAGGTAG and relative 

sequence, is responsible for regulating early expressed gene including cellularization, sex 

determination, and pattern growth [2]. Zelda can help other factors to express and further determine 

the phenotype of the early embryo in Drosophila melanogaster. With the act of Zld, we can conclude 

transcription factor hierarchies act to pattern and subdivide the embryo along the anteroposterior (AP) 

and dorsoventral (DV) body axes in some specific Drosophila embryo [1]. It also exhibits 

transcription regulatory region sequence-specific DNA binding activity [3]. ZLD may act as a kind 

of an “on switch” for the zygotic genome, poising regions where it binds for activation at the maternal-

to-zygotic transition (MZT) [4]. 

Hunchback (hb) is the premiere gap gene of the segmentation regulatory network. It coordinates the 

expression of other gap genes, including Kruppel (Kr), knirps (kni), and giant (gt) in central and 

posterior regions of cellularizing embryos [5]. It is also a patterning gene and is necessary and 

sufficient for first-born cell fates [6]. The individual phases of hb transcription, which overlap 

temporally, contribute specific patterning function in early embryogenesis [7]. Hb has two isoforms, 

Hb-PA and Hb-PB. It is also a gap class segmentation protein that controls development of head 

structures [8]. 

CG18269 is an uncharacterized protein-coding gene in the species Drosophila melanogaster near 

CG14014. It has two alleles, and one isoform. To summarize, its temporal profile ranges from a peak 

of moderately high expression to a trough of no expression detected. Peak expression observed within 

00-06hour embryonic stages [9]. 
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2. Results 

2.1 Hunchback (hb) 

2.1.1 The gene expression of hb and its Zld peaks 

The exact position of hb is chr3R:8,690,980-8,694,600. In Figure 1A, it shows the genomic maps of 

hb. In Figure 1B, it shows the gene model and products of hb. The two figures indicate Hb has two 

isoforms and its position. 

According to Figure 1C, we can see hb expresses in the early stages of embryo in Drosophila 

melanogaster through NC12_ rep1_ peaks_ treat_ pileup, NC13_ rep1_peaks_treat_pileup, NC14E_ 

rep1_peaks_treat_pileup, and NC14M_rep1_peaks_treat_pileup. Also, two Zelda peaks are shown in 

Figure 1C and in Figure 1D through 3tags_dm6. Then, we can see their sequences: The left one is 

CAGGTAA, and the right one is CAGGTAG. Furthermore, from Figure 1C and Figure 1D, only 

CAGGTAG is conserved through wt_zld_cyc8_treat_pileup and wt_zld_cyc13_treat_pileup. 

 

 

 

2.1.2 The location of sequences and their conservations 

According to hb’s Zld peaks, its location can be found in UCSC Genome Browser (UCSC), and then 

this Zld binding site can be used to find the more detailed sequences in order to get further data 

(Figure 2A, 2B). Therefore, we can find the coordinate of the CAGGTAG Zld peak, which is +70 

away from the starting point of hb (hb-PA). As a result, we can find CAGGTAG site is at about 

ch3R:8,694,635-8,694,640 (Figure 2B), and according to Figure 2B, this CAGGTAG site is highly 

conserved, which has a large influence on the expression of early development embryo in Drosophila 

melanogaster. 

Figure 1. The expression of hb and information of its Zld peaks. A. The genomic 
maps of hb. B. The gene model and products of hb. C. the graph of some data of hb on D. 
melanogaster Aug. 2014 (BDGP Release 6 + ISO1 MT/dm6) Assembly in the Integrated 

Genome Browser (IGB). D. the sequences of hb’s Zld peaks in the IGB. 

A 

B 

C 
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Then, according to the location of the CAGGTAG sequence, other sequences that influenced by the 

CAGGTAG site can be found. In addition, we can determine the expression of hb on the embryo 

through the conservations of such other sequences (Figure 3). 

In Figure 3A, the conservations of different TF motifs have been shown, which range from -300bp to 

+300bp, and rank by the magnitudes of their scores, from highest to lowest, such as cad, bcd, Kr, and 

so on. Many of the conserved TF motifs are very important to the expression of hb on the embryo 

since they are enhanced by the CAGGTAG site that makes them able to guide the direction and ways 

of hb’s expression. And Figure 3B indicates the conservation of TF motifs with the same range and 

rank as the one of Figure 3B with regard to the transcription start site (TSS). 

 

 

Figure 2. The detailed location and expression of the Zld peak. A. The coordinate of the Zld peak and its location with 
respect to hb and its enhancers. B. The conservation and location of the CAGGTAG site. 

A 
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Figure 3. TF motifs and their conservations of hb. A. The TF motifs ranged from -300bp to +300bp with regard to the 
CAGGTAG site in Figure 2B, and ranked by their scores, with the conservation of different TF motifs. B. The TF motifs 

ranged from -300bp to +300bp with regard to the transcription start site (TSS) of hb, and ranked by their scores, with the 
conservation of different TF motifs. 

A 
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2.2 CG18269 

2.2.1 The gene expression of CG18269 and its Zld peaks 

The position of CG18269 is chr2L:5551838-5552756. The genomic maps of CG18269 are shown in 

Figure 4A, and the gene model and products of CG18269 are shown in Figure 4B, which embodies 

that CG18269 has 2 alleles and 1 isoform. 

In Figure 4C, there are 2 Zelda peaks close to the TSS of CG18269, and 1 CAGGTAA site in the 

upstream of this gene. CG18269 is near CG14014 (neighbor), which contains a CAGGTAG in its 

upstream. 

 

 

 

2.2.2 The location of sequences and their conservations 

Through the IGB, the rough locations of the CAGGTAG site and the CAGGTAA site can be ensured, 

and in the UCSC (Figure 5A), the location is clear. As a result, since only the CAGGTAA site belongs 

to CG18269, we need to focus on this smaller Zld peak. According to the graph, the coordinate of the 

Zld peak is +82/+83. Furthermore, in Figure 5B, it is a more detailed snapshot of the accurate location 

and conservation of the CAGGTAA site. And based on Figure 5B, the CAGGTAA site is highly 

conserved. 

After that, Figure 6 lists some TF motifs from -300bp to +300bp towards the TSS of CG18269. 

Among them, there are two very important TF motifs----Dorsal (dl) and Bicoid (bcd), which 

respectively determine the opposite direction of the expression. The existence of both anterior-

posterior and dorsal-ventral TF motifs contributes to the uncharacterization of CG18269. 

 

Figure 4. The expression of CG18269 and information 

of its Zld peaks. A. The genomic maps of CG18269. B. 
The gene model and products of CG18269. C. the graph 
of some data of CG18269 on D. melanogaster Aug. 2014 

(BDGP Release 6 + ISO1 MT/dm6) Assembly in the 

Integrated Genome Browser (IGB), and the sequences of 
CG18269’s Zld peaks in the IGB. 
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Figure 5. The detailed location and expression of the Zld peak in CG18269. A. The coordinate of the Zld peak and its 

location with respect to CG18269. B. The conservation and location of the CAGGTAA site. 
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3. Discussion 

According to the TF motifs shown in Figure 3, we can use them to determine the expression of the 

embryo in Drosophila melanogaster. Take the wildtype embryo as an example. Figure 7A is the 

snapshot of the lateral hb expression on embryo in stage 1-3, which is still an unfertilized egg. For 

Figure 7B, Figure 7C, Figure 7D, and Figure 7E, it shows a lateral view of hb expression on embryo 

in stage 4-6, which indicates the direction of expression is along the anterior-posterior axis, half and 

half. It is clear that the TF motifs regulate its expression strongly, especially Bicoid, which is the 

symbol of anterior-posterior expression, and according to the conservation of Bicoid recorded in 

Figure 3A, it is highly conserved, which confirms that Bicoid does influence the expression of hb on 

embryo and lead to subdivision of an embryo. As the enhancer, vfl, or Zld, also play an important 

role on the successful function of Bicoid. 

Additionally, from Figure 7B to Figure 7E, the expression of hb becomes weaker, and the direction 

for it to weaken is also along anterior-posterior axis in two parts. 

Moreover, Figure 7F indicates an anomalous distribution of cytoplasm in the lateral view of embryo 

in stage 7-8, which has little expression of hb.  

 

 

Figure 6. TF motifs and their conservations of CG18269. The TF motifs ranged from -300bp to +300bp with regard to 
the transcription start site (TSS) of CG18269, and ranked by their scores, with the conservation of different TF motifs. 

Figure 7. The expression of hb on different stages of embryo. A. Lateral view, stage 1-3. B. Lateral view, stage 4-6. C. 
Lateral view, stage 4-6. D. Lateral view, stage 4-6. E. Lateral view, stage 4-6. F. Lateral view, stage 7-8. 
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4. Conclusion 

According to the specific location of Zelda peaks, we can find some important TF motifs responsible 

for the expression. In addition, from the conservation of different binding sites, the direction of 

embryo’s expression is determinable. The Zelda binding sites help regulate and control the 

transcriptional activation of other genes in the Drosophila melanogaster’s embryo. With the control 

of Bicoid and other binding sites, the hb’s expression of the embryo is along the anterior-posterior 

axis. For further researches, the hypothesis of how each TF motifs contribute to each part of the 

expression can be discovered.  
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