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Abstract:
The maternal gene products control the initial stages of embryo development in all animals. The role of controlling 
embryogenesis is taken up by the zygotic genome at some point after fertilization. This paper seeks to shed light on 
research on the effect of the zinc-finger protein Zelda on the expression of bnk in fruit flies. The zinc-finger protein 
Zelda (Zld) is a transcriptional activator of the early zygotic genome and plays an important role in early embryonic 
development. (Liang,2008) This paper mainly demonstrates the influence of Zld on the bnk, which encodes a kind 
of protein that controls the actinic organization and the time of cellular basal closure. In the absence of Zelda, the 
expression of bnk has subtle changes. This work highlights the importance of the zinc-finger protein Zelda in the 
expression of the bnk in fruit flies and also details the methodology followed in the research on the bnk expression 
in fruit flies, the results, and the conclusions drawn from the research work, showing the importance of Zld to bnk, 
especially in early embryonic development stages. The significance of this research is to open potential avenues for 
research on identifying genes whose expression has been influenced to some extent by Zelda. Also, understanding the 
effect of Zelda on bnk expression can aid in the manipulation of the two variables to establish a functional interaction.
Keywords: Zld, bnk, embryo, transcription, Drosophila, embryogenesis

1. Introduction
In the past, much research has been done on the process 
of embryo formation in Drosophila. The discovery of 
many proteins, such as hunchback, and their interactions 
are significant in Drosophila. As people began to explore 
embryo formation and development, the maternal-to-zy-
gotic transition (MZT) attracted a great deal of attention 
(Irizarri,2020). During the initial stages of embryo forma-
tion, maternal genes controlled the growth of the embryo, 
and this all changed until the process of fertilization, when 
zygotic genes replaced maternal genes in controlling the 
development of the embryo through MZT. When the em-
bryo starts the maternal-to-zygotic transition, maternal 
RNA degrades and zygotic RNA transcript.
However, the switch in zygotic information can be at-
tributed to early research that discovered the molecules 
that activate the degradation of maternal RNA. In recent 
years, a specific group of bases CAGGTAG, a cis-regula-
tory heptamer motif, was discovered in Drosophila after 
a long period of exploration. The specific and related se-
quences are known as TAGteam sites.  Hsiao-Lan Liang 
and some researchers found that Zelda binds to these spe-
cific sequences and then activates the transcription of the 
zygotic gene in Drosophila.
In addition, Zelda also helps with the expression of genes 

and the other molecules required for embryo development, 
such as the Bicoid protein. Here’s the focus on the effect 
of Zelda on other protein-coding-gene found in Drosoph-
ila melanogaster, bottleneck (bnk), which regulates and 
determines the microfilament network. Lack of the zld ac-
tivators leads to defects in cellular blastoderm formation 
in the mutant embryos and in turn the essential genes for 
processes such as cellularization, determination of sex, 
and pattern formation.

2. Literature Review
The embryo development process has been known to be 
regulated by gene networks according to research findings 
in the past years. However, the focus has since shifted to 
understanding the temporary coordination between the 
multiple networks and processes in embryogenesis (Har-
rison,2023). To fully reveal the gene circuitry exhibited 
by the Zld, genome-wide binding assays and techniques 
are particularly helpful in identifying the Zld target genes. 
The effect of absence of the Zld factor is evident in highly 
altered expression patterns and this hints at the importance 
of a timing mechanism during the first stages of develop-
ment. Recent studies on the early developmental stages 
of the Drosophila embryo have led to the discovery that 
the early zygotic genome could be activated by a single 
factor, the Zld transcription factor and this means that 
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the Zld factor can regulate the zygotic genes in different 
ways. Some of the zygotic genes depend fully on the Zld 
for activation while others only depend on the Zld factor 
for proper timing of the expression of the genes. This also 
revealed that a large percentage of the genes were down-
regulated after normal activation and this also included 
genes required for cellularization, determination of sex, 
and dorsal patterning.

3. Research Methodology
Antibodies for the experiment were generated from a 
rabbit polyclone and purified using antigen affinity chro-
matography from the serum bleed. The purified antibodies 
were then homogenized through Western blotting in a 
buffer and centrifuged to obtain the supernatant which 
was then analyzed for its protein content using standard 
procedures. The embryos were then stained with anti-rat 
IgG secondary antibodies followed by Invitrogen and then 
visualized using fluorescence microscopy and the images 
described after in situ hybridization were performed on 
the specimen (Liu,2015). Preselected pixel intensities 
were used for the analysis of the nuclei to attain well-fo-
cused and clear images of the nuclei. The nuclei were then 
subjected to DNA binding assays such as the Electropho-
retic mobility shift assays and the various oligonucleotide 
sequences derived. Also, a tiled genomic microarray de-
sign was adopted as it allowed many matches and hence it 
was possible to include more patterned areas for study.
Upon extraction of the total RNA from the several in-
dependent collections available, the cDNA was then 
prepared and labeled for hybridization after which they 
were processed and all data obtained was then normalized 
allowing for the identification of the various genes by the 
biological replicates present.  Tiling arrays were used to 
verify the collected embryos by staining and amplifying 
the stains to aid in comparing the samples directly through 
competitive hybridization. Washing, drying, and scanning 
of the arrays were done to aid in yielding accurate results 
and eliminate errors. Correction of the probe readings was 
also done, and the arrays normalized before the applica-
tion of a median filter to calculate the expression levels 
this would in turn express the probe signals as either pres-
ent or absent with the threshold being fifty percent.
Chip-Chip involved fixing the young embryos in two 
percent formaldehyde for twenty minutes followed by 
harvesting, sonication, and immunoprecipitation to obtain 
Chiped DNA which was then amplified and labeled prop-
erly. Hybridization was carried out for twenty hours fol-
lowed by washing, drying, and scanning of the arrays to 
obtain the input intensities (Chen,2013). The enrichment 
index was then obtained for specific DNA motifs through 

calculation and these indexes were used in the develop-
ment of a primary standard that would hence be used in 
the analysis of novel enriched sites and identifying new 
enriched sites. Moreover, the hotspot data so generated 
could be used in determining the overlap between the Zld-
bound regions and hotspots and between sets of transcrip-
tion factors.

4. Data Analysis
The combined approach in the research on the Zld factor 
brought to light insights into the coordination mechanisms 
of the essential embryonic processes during early devel-
opment and the important regulatory role carried out by 
Zld. A key takeaway from this research study is that Lld 
is responsible for timely gene responses in early embryo 
development (Hamm,2018). This can be confirmed by 
the increase in Zld levels during the second hour of de-
velopment of the specimen due to a temporary gradient 
generated that combines with other morphogens to ensure 
specificity in the expression of genes in the early embryo 
stage.
The Zld protein was observed to increase quite signifi-
cantly at two hours of development, and this happens 
concurrently with the activation of the zygotic genome 
and this level accumulates in blastoderm embryos to high 
levels. It was also quite evident that the Zld binds more 
closely to the TSS compared to the other genomic regions 
regardless of whether the genes were downregulated or 
not (Nien,2011). The location of the Zld binding was 
found to be correlated to the level of wild-type expression 
of the various genomes in that the genes bound within 2kb 
by the Zld were considered expressed while those not ex-
pressed were likely to be bound by more than 2kb by the 
Zld. This implies that the Zld is pivotal in the activation 
of the transcription process in early embryo development 
and helps in the expression of bnk in the embryo.

5. Results
The analysis of the Zld-bound regions and the genes as-
sociated with them revealed that Zld protein is vital in 
ensuring timely activation of the transcription process in 
a robust manner. This was shown by the strong binding 
between Zld and genes down in the DV hierarchy suggest-
ing that Zld regulates this activation process and its target 
region (McDaniel,2019). Also, the binding of the Zld 
protein to the gap signals the role played by the Zld pro-
tein in the activation of gene transcription processes. The 
research study also highlighted the association between 
DNA sequences in Zld-bound regions and motifs with 
strong hotspots due to interactions between components 
of gene complexes and the Zld protein hinting that these 
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Zld proteins could be responsible for the formation of the 
hotspots.
It is also worth noting that the absence of Zld proteins 
has several effects like the direct ne targets not expressed 
delay in the expression followed by recovery and lastly 
delayed expression with no full recovery of the direct 
targets. This delay in the expression of these gene targets 
may lead to insufficient transcripts for detection during the 
assay.

6. Discussion
To investigate the role of the Zld transcription factor in 
embryogenesis, it was important to combine molecular, 
genetic, and imaging techniques to achieve comprehen-
sive results. This involved several techniques such as fly 
strains, antibody production, Western blotting, in situ 
hybridization and antibody staining, confocal image pro-
cessing, DNA binding assays, tiled genomic microarray 
design, transcriptome analyses using gene arrays and also 
tiling arrays, Chip-Chip, enrichment tests Zld binding site, 
TAGteam site PWM for Zld recognition, searching for 
novel enriched sites in Zld-bound regions, searching for 
genes associated with Zld-bound regions, determination 
of overlap between Zld-bound regions and hotspots, deter-
mination of binding overlap between sets of transcription 
factors and finally the GO term enrichment analysis.

7. Conclusion
In a nutshell, From the analysis of the gene sequence of 
Drosophila and the bnk expression in the embryo, there 
are similarities between the current study and what we 
found that Zld helps the expression of bnk in the develop-
ment of the embryo and also in the timing of the first stag-
es of embryo development (Liang,2009). The Zld protein 
functions by binding to the target genes ahead of the other 
proteins and this enables it to bind way before the other 
proteins. The absence of the Zld protein leads to delays in 
the activation of the gene transcriptions and this may lead 
to weak expressions.
It is also worth noting that Zld binding occurs at the same 
time as the gene hotspot showing a direct correlation be-
tween the two factors. It is also evident from the results 
obtained that the Zld coordination is important in the 
early stages of embryogenesis by timing the transcription 
activation process and increasing the expression of target 
genes (Canodia,2012). The sampling, handling, and anal-

ysis of the antibodies should be carried out in a contami-
nant-free work area for highly accurate and reproducible 
results to be obtained in a consistent manner.
This research paper seeks to open more avenues for re-
search on the genomic processes and specifically on the 
roles of specialized proteins in the early stages of em-
bryonic development. The research paper is therefore 
significant in explaining the embryonic process, genetic 
analyses, and expression of genes during the early stages 
of embryogenesis.
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