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Studying primary pair-rule gene eve in the early development of 
Drosophila by using Zelda as approach.
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Abstract
This paper mainly studies the primary pair-rule gene Even-skipped to reveal its position in the early transcription 
network established in the Drosophila embryo and gain a deeper view of the network. We used the genome activator 
Zelda as an approach. We found Zelda’s role in regulating Eve by committing CHIP- seq towards RNA polymerase and 
Zelda protein in wt and Zld- embryo. With the PWM matrix, we know transcription factors that might bind to eve. By 
further researching its TFs, we find the relationship between timing and pattern of expression of these genes involved 
in the early transcriptional network, while Zld is still our approach. Also, by looking into the specific gene, we find the 
possible timing mechanism on Eve based on the accumulation of earlier transcribed transcription factors. The role of 
maternally loaded transcription factors in early development is once again shown by affecting the timing and patterning 
of primary patterning transcription factors.

1. Introdcution
As the genome activator Zld being discovered, bringing 
a new view to the transcriptional network of the early 
developing Drosophila, the role of Zld in regulating early 
expressed gene is revealed. Still its effect on particular 
aspects of the transcriptional network is yet to be further 
looking at. In this work we studied a specific Zld- targeted 
gene even-skipped as well as the transcriptional network 
involving early pair-rule genes and gap genes that appears 
in the early stage of the Drosophila embryo by using 
Zelda as a approach.

2. Result
2.1 Zld target eve and affect its expression
We compared the difference in expression of eve between 
wildtype embryos and Zld-knock down embryos by doing 
CHIP-seq on RNA polymerase II during NC13 and found 
that the RNA polymerase binding on eve gene is reduced 
in Zld-knockdown embryos (Fig1A). This means the 
expression of eve is to some extend affected by Zld 
Our Zld-CHIP-seq data shows that there are Zld binding 
peaks right upstream the TSS of eve within 500 bp as well 
as regions that are downstream or upstream the gene. This 
shows eve is a Zld-target gene and these bindings indicate 
Zld’s role in regulating the gene. 
Also, since the Zld-bound region has a remarkable overlap 
with HOT region and Zld-bound peaks were seen over well-
defined enhancers [1], we deduced that Zld bound region we 

found on the eve gene, is the potential enhancer position.

2.2 Zelda affects the timing and pattern of eve
From the CHIP-seq data we found that although the 
eve’s expression is reduced in the Zld- embryos, it is still 
expressed to a certain extend
Eve exhibits a pair-rule pattern in the early stage of 
Drosophila embryo (Fig 1B). Comparing the expression 
pattern of eve in Zld- embryo and wt embryo, revealed 
that expression of eve is delayed for two nuclear cycle 
from NC10 to NC 12 and the stripe pattern has been 
disrupted during NC13 and NC14 in the Zld- embryo. 
We know that here eve isn’t fully dependent on Zld for 
activation, but regulated by Zld in a different way, it 
dependent on Zld for proper timing of expression [1]. And 
the timing seems to affect the pattern too.

2.3 Other factors that affect eve
We next investigate the other transcriptional factors 
because Zld might not be the only factor that regulate 
eve. Knowing Eve’s expression is modified by gap-gene 
mutations, [2].We use Position Weight Matrix of every  
known transcription factors of Drosophila melanogaster 
to scan the Zld-bound region we have on the eve gene 
which represent the potential enhancer region, we found 
remarkable number of high score binding sites of many 
other TFs besides Zld along the enhancer region, among 
which Cad, Kr, Hb, are most commonly found (Fig2), 
they are all expressed ubiquitously or gaped in the embryo 
and  around the expression time of Eve.
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Fig 1. A: CHIP-seq data of RNA polymerase II(blue) and Zld bind in eve(red) B:pattern of eve shows 7 stripes across 
anterior-posterior axis.
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Fig.2: PWM scores obtain: Scanning on the eve’s enhancer region. Higher score of binding shown higher possible 
of binding. We found multiple binding site Kr, cad and hb indicating their regulatory effect on Eve [3]

Kr is a zinc-finger repressor [4] first seen in fruit fly 
embryo in NC12 and perform a gap expression (Fig3A). 
Kr’s expression is also seen delayed in the Zld- embryo 
[1].
Cad expresses ubiquitously in the early stage of 
embryo (Fig1D) Alongside Bicoid (bcd), caudal forms 
concentration gradients down the anterior-posterior (A-
P) axis providing positional information and subsequent 
induction of the gap genes. Acts as a key regulator of 
the Hox gene network and activates transcription via the 
downstream core promoter element (DPE) relative to the 
TATA box [5]. The comparison of its RNA polymerase 
CHIP-seq in wt and Zld- embryo also shows that without 
Zld’s activation Cad’s expression is reduced in an 
significant amount (Fig3B).

Fig.3 Expression pattern of Kr show gapped pattern.(left) 
Expression of cad shown ubiquitously with a gradient.
(right) [6]
Ubiquitous gene Cad and gap gene Kr are both Zld-target 
genes and their binding to primary pair-rule gene Eve may 
give a hint to how Zld affect the timing and patterning of 
the early expressed pair-rule genes via the transcriptional 
network.
We also use PWM matrix to scan two other early-
expressed pair-rule genes odd and ftz, and also sited 
multiple Cad site and Kr site meaning they might be 
regulated by Cad and Kr as well as Zelda. Note that 
these three early pair-rule genes ftz odd and eve kinds 
of interact in a way as another part of transcriptional 
network.

3. Discussion:
3.1 Relationship between the timing and 
patterning.
Eve’s product is first seen in NC 10 and its repressor 

Kr is not observed until NC 11-12 [6]. And in wild-
type embryos, eve, ftz, hairy, and runt were initially 
expressed in broad domains as early as nc 10, which 
refine into the respective seven-stripe patterns by the end 
of nc 14 [7]. We know pair-rule stripes are formed by 
localized gap repressors acting on stripe enhancers [8]. 
Stripes of eve may be an result of repression from Kr and 
other interacting gap gene on specific location of eve’s 
expression in the embryo and setting up the boundaries of 
eve’s stripe according to their pattern.
In the Zld- embryo, the expression of Kr is delayed [1] 
while the Eve’s expression is also delayed. Both of their 
pattern are disrupted with the delay, so as other gap genes. 
The delayed Kr and Eve may be a cause of the failure in 
the formation of boundaries of eve stripes in the NC14 
that gap repressors haven’t formed their pattern for eve
And the disrupted timing of expression may also be the 
reason why the pattern of gap genes is disrupted too in the 
Zld-. Gap genes are expressed at different stage of embryo 
gt genes is first seen in nc 10 [1] while Kr is first observed 
at nc 11-12, evidence show that gap genes interact with 
each and form complementary or overlapping pattern. 
Hb and Gt set the anterior Kr border, while Hb and Kr 
establish the anterior border of the posterior gt domain. 
Gt and Kr is known to establish their complementary 
domains [9].
The idea of maternally loaded transcription factor 
determines the position, spread and pattern of expression 
of gap genes and primary pair-rule genes by interaction 
can’t work cause almost every maternal transcription 
factors are activators and express ubiquitously which make 
them not capable to guide the forming of irregular shaped 
expression pattern. Also, the interaction between gap 
genes themselves must be considered that their interaction 
within the network is involved in the patterning.
Timing maybe a significant factor here. Timing maybe 
controlled by maternal loaded transcription factors which 
we will talk about later. The relationship between the 
timing and pattern is so delicate that a delay can cause 
the disrupted pattern rather than just delayed pattern. We 
consider this as a result of the interaction of gap genes 
within their class. The changing timetable causes the 
changes in patterning via a “butterfly effect” based on 
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the interaction of these transcription factors. Due to the 
complicate regulatory effect of these transcription factors 
have on each other in the network, it is clear to say that a 
single change might cause a big difference. Timing here 
controls the extend of these interaction effect by determine 
the amount of a transcription factors via its accumulation. 
and also at some point the time order of genes being 
transcribed might also contribute to this specificity 
of interaction such as determine which genes will be 
dominant in certain region while others will be controlled. 
At first the time order decides the basic pattern or potential 
pattern in this way, and in further on nuclear cycle the 
interaction take over its role and forces the pattern 
develop from its basic form to the final complementary 
and overlapping pattern we see in the cellularization stage 
while determine the primary cell fate through control over 
the further on network with its unique expression pattern.
The relationship between timing and patterning is shown 
here.

3.2 Timing Eve via Cad’s accumulation
Our result of PWM matrix shown that eve has many high 
affinity Cad binding sites which indicate Cad’s role in 
activate eve.
There is a possible mechanism of timing, which is 
provided by the intrinsic properties of the regulatory 
motifs established by Zld [1], a delay in the activation of 
the third gene in the loop occurs because of its dependence 
on accumulation of the second gene product [10-12].
In the case of eve, Cad is expressed ubiquitously in the 
1-hour embryo. Despite its maternal loaded parts, Cad is 
also transcribed in the 0-2 hr embryo, due to its rapidly 
disappearance in the stage 4-6 embryo during which 
most of genes we are studying appeared ,we think the 
expression at this time maybe is for the supplement of 
Cad proteins and maintaining a concentration gradient for 
a short time.
The concentration gradient maybe affecting the activation 
of eve and other genes, it might also be the reason of 
timing. Cad is shown down-regulated in Zld- embryo 
significantly during stage 4-6 (Fig 3B). 
The expression of eve maybe dependent on the 
accumulation of Cad transcription factors. The decrease in 
amount of Cad during the stage it express might related to 
the delay it experience.

Fig.4: CHIP-seq data of RNA polymerase II in Cad 
(Zld- lower, wt upper). This indicates that Cad is down-
regulated in Zld- embryo
Further on research need to be done on finding if Cad 
accumulation affect the timing of Eve directly or it still 
depend on other factors in the network. But, surely 
ubiquitous gene which Cad is, is most close to the primary 
pair-rule gene in segmentation hierarchy time order.
Another hypothesis is that Zld, Cad and Bcd activate Eve 
together while the absent of Zld slower the process of 
binding of RNA polymerase. But it can’t explain what role 
the reduction of CAD expression takes in the delaying 
Eve. Again further research need to be done focusing on 
the timing mechanism maternally loaded factors have on 
zygotic genes.

4. Methods
4.1 CHIP-seq
 We crossed link Zelda protein to its target DNA sequence 
by adding formaldehyde. Sheared by sonication to break 
chromatin into small pieces and add antibody specific 
to Zelda protein to bind the protein forming complex 
that heavier than other substances and then precipitate 
and purify. Then separate the DNA from the protein and 
sequence the DNA where Zld binds and exhibit it on the 
browser. Same procedure was used on RNA polymerase 
II.

4.2 PWM matrix
Base on the database from http://jaspar.genereg.net/faq/.
The matrix is based on the data of CHIP-seq, and represent 
the frequency of each base appeared on an certain position 
of the protein bound sequence. During scanning, the 
Jasper website points out the potential binding site of TFs 
on a given DNA sequence and calculate the binding score 
of the sequence base on the frequency matrix

5. Conclusion
Eve is a primary pair-rule gene that involved in the 
segmentation of Drosophila embryo. The study of its 
position in the early transcriptional network
Maternal loaded genes such as Zelda acting as key 
activators on not only genes but also to the whole network 
once again show its role in the early development by 
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effecting timing and pattern of expression of early-
transcribed transcription factors.
  From the result we know that maternally morphogen 
such as Zelda, Bicoidand Cad interact during the earliest 
stage of the embryo development, which determine the 
basic timing of expression of the zygotic transcription 
factors. The delayed in the transcription of gap gene and 
primary pair rule gene along with the disruption in their 
pattern may also show that the timing and patterning of 
the expression of these interlinked gene has a kind of 
relationship that based on the repressing or promoting 
effect their coded transcription factors have on each other.
These maybe a explanation to how primary patterning 
of transcription factors is established from the earliest 
embryo. Further research and experiment must be taken 
for verification.
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