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Abstract 

CG15634 (Elba3) works in early embryogenesis by participating in chromatin domain 
boundary function, and CG9653 (brk) can encode a protein that negatively regualte Dpp. 
Here I show that brk is a Zelda target gene, while its enhancer, brk-NEE-long and Zld 
peaks at TSS has a highly conserved sequence. 
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1. Introduction 

Zelda(Zld) is a transcriptional activator, which is able to bind to CAGGTAG and related sequences 

shown in the enhancers of activated genes in Drosophila [1]. In this article, conservation, regulation 

and expression of two Zld target genes, CG15634 (elba3) and CG9653 (brk) are analyzed. CG15634, 

also known as Elba3, is regarded as a Class I gene. Elba 3 is a ubiquitous gene lacking DNA-binding 

activity, which is functioned in chromatin domain boundary function during early embryogenesis [2]. 

Also, Elba 2 can work as an adapter protein to bring Elba1 and Elba2 together to build a complex, 

which can recognize the asymmetric sequence motif through the BEN domains of Elba1 and Elba2 

[1]. On the other hand, CG9653, also called brinker (brk) gene, is a Class II gene and a patterning 

gene, which participate in wing disc morphogenesis [3]. Brk can encode a new protein that has the 

feature of a transcriptional repressor [4].  

2. Methods 

2.1 Integrated genome browser (IGB) 

In the study, IGB is used to show biological patterns of both brk and Elba3, including related Zld 

peaks, adjacent genes to the target gene, isoforms of target gene, and transcription start site (TSS).  

2.2 UCSC genome browser 

The University of California Santa Cruz (UCSC) Genome Browser is a website which can 

demonstrate the sequence and related information of any part of a specific genome. In the study, the 

UCSC Genome Browser was used to provide the conversation information and related enhancers of 

brk and Elba3, respectively.  

2.3 Jaspar 

Jaspar is an open database providing the information of curated and non-redundant transcription 

factor binding site from six various taxonomic groups. In the study, Jaspar is used to help gene 

analysis by analyzing the overlapped sequence between brk-NEE-long enhancer and Zld peaks.  

2.4 Flyexpress 

Flyexpress is an open website for showing graphs and information on expression patterns of genes in 

the embryogenesis of Drosophila. In the study, the express-pattern graphs are provided by Flyexpress.  
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3. Results  

3.1 IGB 

For Elba3, the scale used in IGB is from 0-300, except for zkd 13. There are no isoforms of Elba3 

showing in the IGB results (Figure 1). Two distinct Zld peaks display at TSS. Also, there are two 

TAG sites under the Zld peaks. Additionally, there are two adjacent genes, CG3251 and CG11929, 

besides Elba3 (Figure 1). 

For brk, the scale used in IGB is from 0 to 300. There are four isoforms of brk indicated in the IGB 

results (Figure 2). moreover, there are two Zld peaks at TSS of brk, and there is one TAG site under 

the Zld peaks (Figure 2).  

 

 

Figure 1. IGB results for Elba3 

 

 

Figure 2. IGB results for brk 

 

3.2 UCSC Genome Browser 

For Elba 3, there is no enhancers and isoforms shown in the results of the UCSC Genome Broswer, 

and there are two adjacent genes shown (Figure 3). The results of brk in the UCSC Genome Broswer 

are similar to those of IGB (Figure 3). 
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For brk, there are four enhancers demonstrated in the results of the UCSC Genome Broswer (Figure 

4). In the study, brk-NEE-long is the enhancer that is focused on, which is sited on 7,297,171 to 

7,297,208 (about 40bp) in the downstream of TSS of brk (Figure 4).  

 

 

Figure 3. The UCSC Genome Browser results for Elba3 

 

 

Figure 4. The UCSC Genome Browser results for brk 
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3.3 Conservation 

There is a highly conserved sequence in the overlapped sequence between between brk-NEE-long 

enhancer and Zld peaks (Figure 5). Under the highly conserved sequence, there is a bicoid sequence 

in the downstream (1kb) of TSS which will activates some of the strips in the expression patterns 

(Figure 6). The results of this sequence in Jaspar also indicate that bicoid site has a relative high score, 

which means it can be highly conserved. Additionally, in Table 1, Jaspar shows Ptx1 has highest 

score since it is a bicoid-related home box transcription factor [5]. In the Jaspar results, the score of 

Zld is pretty low so that the expression of Zld is low in this sequence.  

 

 

Figure 5. Overlapped sequence between brk-NEE-long enhancer and Zld peaks (chrX: 7,296,902 – 

7,297,477) 

 

 

Figure 6. Highly conserved sequence under the overlapped sequence (chrX: 7,296,902 – 7,297,477), 

bicoid sequence is in red box 
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Table 1. Jaspar results of under the overlapped sequence (chrX: 7,296,902 – 7,297,477) 

Matrix ID Name Score Relative score Sequence ID Start End Strand Predicted sequence 

MA0201.1 Ptx1 11.9592 0.999999988 
NC_004354.4:7297170-

7297207 
2 8 + TTAATCC 

MA0915.1 dve 11.958 0.981246238 
NC_004354.4:7297170-

7297207 
2 9 + TTAATCCG 

MA0023.1 dl(var.2) 10.664 0.893848168 
NC_004354.4:7297170-

7297207 
13 22 - TTGGATTTCC 

MA0212.1 bcd 10.5191 0.999999998 
NC_004354.4:7297170-

7297207 
3 8 + TAATCC 

 

On the other hand, there is another highly conserved sequence in the approximately 10kb upstream 

of TSS of brk (chrX:7,320,535 - 7,321,248), there are two CAG sites under the highly conserved 

sequence (Figure 9). Also, it can be seen in the results of Jaspar that Zld is highly expressed in this 

highly conserved region as Zld has a relative high score as shown in Table 2.  

 

 

Figure 7. Highly conserved sequence (chrX:7,320,535 - 7,321,248), CAG sites are in the red boxes 

 

Table 2. Jaspar results of under the overlapped sequence (chrX:7,320,535 - 7,321,248) 

Matrix ID Name Score Relative score Sequence ID Start End Strand Predicted sequence 

MA1462.

1 
vfl 10.5411 0.927603707358 

NC_004354.4:7320631-

7321272 
219 230 + CCGCAGGTATTT 
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3.4 Brk expression pattern 

As it can be seen from Figure 10, brk mainly expresses in lateral regions, while it has lowest 

expression in the dorsal compartment. Brk is able to code a protein that negatively regulates Dpp – 

dependent genes, which is synthesized by the cells in the anterior part of the anterior or porterior side 

border of the wing imaginal disc [6]. Additionally, there is a gene called zen sited in a broad dorsal-

on or ventral-off domain, which is a target of the pathway of Dpp signal during cellular blastoderm 

formation [7]. However, zen can limit the function and expression of zen. On the other hand, Dpp 

can indirectly control gene expression as it can downregulates the expression of brk, which can 

encode a putative transcription factor that represses Dpp targets [6]. 

 

 

Figure 8. Expression pattern graphs of brk from Flyexpress 

 

4. Conclusion 

By combining the results and approaches of IGB, the UCSC genome browser, and Flyexpress, it can 

be demonstrated that brk is a Zld target gene, which has four isoforms. Also, brk is the major gene 

that impacts the expression of Dpp target genes. In addition, the overlapped sequence between brk-

NEE-long enhancer and Zld peaks at TSS is highly conserved, and bicoid sequence is highly 
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expressed and conserved. In the future, the linkage between Elba3 and its two adjacent genes could 

be further investigated. Furthermore, the conditions under the absence of brk or Elba3 could also be 

focused on. 
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