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ABSTRACT

Mahmud, Hasan., Documenting the spatial and temporal dynamics of pair-rule genes in the early

Tribolium embryo. Master of Science (MS), August 2024, 26 pp., 4 figures, 35 references.

Although Insects and vertebrates have different anatomical structures, they possess similar
mechanisms for segmenting during embryogenesis. Clock and wavefront model exhibit a similar
pattern of division as observed in Drosophila, like vertebrates, which emphasizes fundamental
principles in the field of developmental biology. In contrast to Drosophila, the insect Tribolium
castaneum exhibits posterior segmentation originating from the growth zone. The pair-rule genes’
expression is characterized by oscillatory patterns, which are controlled by a segmentation clock.
Researchers found that the speed regulation model combines oscillatory and sequential gene
activities to shape both elongating and non-elongating embryonic tissues. The adaptability of this
model is responsible for the evolutionary shift from short-germ to long-germ segmentation. The
model demonstrates hierarchical gene activation and periodic expressions of pair-rule genes in
Tribolium and the segmentation clock mechanism. The extensive research on segmentation

processes among different species highlights the significance of principles in developmental

biology.
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CHAPTER I

INTRODUCTION

Pattern formation in Drosophila melanogaster

The Drosophila melanogaster is an important model organism for genetics research. Their
body consists of numerous distinct body segments. As it has a comparatively short reproductive
cycle and a prolific birth rate, the fruit fly has emerged as a prime specimen for scientists studying
insect evolutionary patterns. Around twenty-four hours after fertilization, their larva becomes
visible quickly with clearly defined segments. Throughout the development of the embryo, the
sequential activation of various gene types helps to form different segments. The genes produce
the transcription factors, and they are involved in each step to regulate the synthesis of additional
transcription factors that act on the subsequent set of genes. The mother's nurse cells deposit two
distinct types of mRNA into the egg. The mRNAs are called Bicoid and Nanos. The mRNA
encoding the Bicoid protein is localized at the egg’s anterior pole, whereas the mRNA encoding
the Nanos protein is localized at the posterior pole of the egg. The maternal genes Bicoid and
Nanos determine the anterior and posterior ends of the embryo because their concentration
gradients are opposite to each other. The genes responsible for the maternal effect are the initial
genes in a sequence that will control the development of early patterns in the Drosophila embryo.

The Anterior-posterior fates in almost all insects are differentiated in two distinct phases
(Davis & Patel, 2002). The developmental stages can be categorized into two phases: (i) the

blastoderm, when the



anteroposterior (AP) axis remains constant in length, and (ii) the germband, when the AP axis
elongates. Fates in short-germ insects can be determined during the development of the germband.
On the other hand, in long-germ insects, for example, the fruit fly Drosophila melanogaster
(Schroeder et al., 2011), Most of the developmental stages can be determined during the early
stage of embryonic development, which is known as the blastoderm. Intermediate-germ insects
exist between these two scenarios. The intermediate-germ insect Tribolium castaneum’s germband
is responsible for determining the abdominal fates (Patel et al., 1994).

Gap genes are responsible for regulating pair-rule genes. Inside the embryo, researchers found
different types of expression patterns of pair-rule genes that divide the embryo into units composed
of two body segments each. In contrast to the developmental process of the red flour beetle
Tribolium castaneum, the patterning in the Drosophila blastoderm occurs concurrently. A
substantial proportion of these genes encode transcription factors that control the expression of
another group of genes called segment polarity genes. When the segment polarity genes are
activated, they lead to the formation of a complex striped pattern. Ultimately, this acts as a pioneer
to the segmented body of the adult fly’s structure. Finally, in the cascade, the Hox genes has the
accountability for specifying the arrangement and functions of each segment. The Hox genes
encode a group of transcription factors, which are expressed in different combinations throughout
the embryo. These Hox genes are involved in determining the destiny of cells within each segment.

Similarities between vertebrates and insects

All animals undergo embryogenesis during their development. In all animal species,
Segmentation occurs along the anterior-posterior axis. Several distinct genes regulate this process.
Both segmentation genes and homeotic genes play essential roles in the sequential formation of

each segment. The embryonic development of insects and vertebrates exhibits significant



similarities despite their distinct anatomical differences. Somitogenesis is referred to as vertebrate
segmentation. An elongating embryo carries out the somitogenesis process in a sequential manner.
The researchers (Palmeirim et al., 1997) found that the presomitic mesoderm is responsible for the
manifestation of periodic waves of genes. According to the clock and wavefront model (Cooke &
Zeeman, 1976), the levels at which genes are expressed and move forward in the body become
fixed in stationary patterns. After that, the patterns are defined as somites. The clock and wavefront
model is essential for vertebrate segmentation. The model can be represented as a clock (indicating
the oscillatory waves of genes) and a wavefront (illustrating the distinct stripes of gene expression).
This procedure is analogous to the segmentation that takes place in insects.
Segmentation in Tribolium Castaneum

The research on short germ insect Tribolium castaneum is necessary since the development
of Drosophila needs to represent the development of all insects accurately. There are several
differences in the patterning of long and short-germ insects. An essential difference between short
germs and long-germ insects exists in the anterior-posterior axis formation and the expression of
gap genes and pair-rule genes. Long-germ insects establish the anterior-posterior axis during the
blastoderm stage. The short germ insects specify the anterior-posterior axis during the germband
stage. At the blastoderm stage, the initial patterns of gene expression in long-germ insects arise
simultaneously in seven distinct stripes. In contrast, in short-germ insects, the gap gene and pair-
rule gene patterns are observed in a series of waves that occur at consistent intervals within the
posterior growth zone. Most other arthropods have a cellularized environment where the “growth
zone” cells specify the posterior segments sequentially (Davis & Patel, 2002).

The morphological structures of Drosophila and other insects exhibit apparent differences.

While the researchers found distinct types of maternal genes of Drosophila, Tribolium exhibits



posterior Nanos and caudal expression but lacks the bicoid gene. The researchers (El-Sherif et al.,
2014) found that the expression of the caudal gene is moved towards the anterior part of the body
rather than the presence of the bicoid gene. The caudal region in the tribolium not only contributes
to posterior patterning but is also responsible for activating gap genes and pair-rule genes. In short
germ insects, thresholds of morphogene gradients ultimately determine the various gene
expressions. The pair-rule genes have responsibility for determining the segments. The even-
skipped (eve), runt (run), and odd-skipped genes oscillate to facilitate the emergence of a striped
pattern. This subsequently develops into a parasegment. After the process of invagination, the
blastoderm changes and becomes an elongated embryo which is called the germband. The posterior
end, which is called the growth zone, undergoes wave-like expansion. The germband follows the
formation of the clock and wavefront model.

Both the pair-rule genes and the gap genes play an undoubtedly significant role in the
development of parasegments in Tribolium. The pair-rule genes exhibit striped expression. These
striped expression patterns indicate the embryo’s segmentation. They receive further positional
information from maternal and gap gene gradients (El-Sherif et al., 2014) . The gap genes are
responsible for specifying the anterior and posterior developmental fates. The researchers state
(Sarrazin et al., 2012) that the growth zone extends, which leads to the creation of a new segment
and an increase in the length of the embryo.

The French Flag Model

The French Flag Model is essential in the development biology research. This model serves
as a visual representation of positional information. Through the concentration-specific response
of target genes, the signaling gradient is distributed throughout the area into a pattern of gene
expression domains (Sharpe, 2019). One of Two important models for explaining this pattern
formation is the French flag model. Lewis Wolpert devised this vital model in 1969 (Wolpert,

4



1969). Morphogens are utilized in the model. Turing was the first researcher to propose the
concept of a morphogen. These morphogens are chemical substances responsible for
morphogenesis (Vadde et al., 2020). Morphogen is defined as a signal that triggers specific
responses in cells and determines various cell fates. They spread throughout the tissue, create a
gradient of concentration, and provide positional information (Green & Sharpe, 2015). Morphogen
gradients form within a tissue when they are released from an induction site and diffuse throughout
the tissue (Dalessi et al., 2012). The researchers (Rivera-Pomar & Jéickle, 1996) found that maternal
factors are responsible for initiating long-range morphogen gradients in Drosophila. Researcher
Wolpert introduced the French flag problem, which explores the origin of complex patterns, like
the blue, white, and red stripes on the French flag. One of his proposed solutions involved
transmitting positional information through the concentration gradient of a morphogen. This
morphogen or signaling molecule would be produced at a specific location called an organizing
center and then spread throughout the tissue through a diffusion mechanism. In the French flag
model, cells positioned below the gradient are determined by the threshold of morphogen gradients
and finally acquire distinct fates (\VVadde et al., 2020; Wolpert, 1969). This model shows that for
the division of developing tissues, downstream genes interpret the threshold concentrations of
morphogen gradients (Rogers & Schier, 2011; Wolpert, 1969). The concept has successfully helped
researchers understand several critical developmental processes in embryos, including the anterior-
posterior polarity’s establishment in the Drosophila egg by the difference in the concentration
gradient of bicoid protein (Driever & Niisslein-Volhard, 1988b). The maternal bicoid gradient is
widely recognized, extensively studied, and modeled in Drosophila by various researchers (Xie &

Hu, 2016).



Pattern formation is a complex process. Two homeodomain proteins, Caudal (Cad) and
Bicoid (Bcd), are involved in this process. The Bcd proteins facilitate the diffusion of mRNA
translation products, and in this way, a long-range anterior-posterior (AP) gradient is formed
finally. Thus, Bicoid activates the target genes, which induces the establishment of boundaries at
predetermined positions along the AP axis. This situation ultimately results in the development of
a segmented body plan (Driever & Niisslein-Volhard, 1988a; Dubnau et al., 1997; Little et al., 2011;
Niessing et al., 2002).

The neural tube in vertebrates is another example by which researchers can illustrate pattern
formation mechanisms by morphogens. Though there are distinctions, pattern formation in both
cases shows essential similarities. Both systems respond to the presence or absence of the
morphogen by undergoing the loss of specific cell types and substantial changes and expansions
in the identities of the cells that continue to be generated. The French Flag model is applicable to
both systems. Because the model can operate on the fundamental assumption that there are certain
concentration levels of the patterning signal that can be converted into positional information. The
researchers found that there is a correlation between the concentrations of morphogens and the
differential expressions of genes in both systems. Based on their research, researchers have
proposed that morphogen gradients play an essential role in establishing the initial conditions for
pattern formation in these tissues (Briscoe et al., 2000; Briscoe & Small, 2015; Vallstedt et al., 2005).

The Speed Regulation Model
The patterning of elongating tissues depends on the activation of genes in an oscillatory and

sequential manner. This situation is very similar to the clock-and-wavefront mechanism. However,
oscillatory and sequential gene expressions exist in the formation of different types of embryonic
formation—these specific structures exhibit elongation, such as the AP axis of vertebrates and
short-germ insects. The speed regulation model employs oscillatory and sequential gene activity

6



to pattern elongating and non-elongating embryonic structures (Zhu et al., 2017). In this model,
the rate of sequential gene activation is controlled by the concentration of molecular factors. The
scientists found that the gap genes are activated in a sequential manner in both the blastoderm and
the germband of the beetle Tribolium castaneum (Zhu et al., 2017).

Next, the researchers found that arthropods can utilize two different methods of segmentation:
one like Drosophila in the blastoderm and another clock-based segmentation in the germband. This
report presents that the beetle Tribolium castaneum follows clock-based mechanism for
segmentation during both the blastoderm and germband stages (Davis & Patel, 2002). They also
found from experimental evidence that pair-rule genes in short germs and intermediate germs are
interconnected in a segmentation clock. The rhythmic movements of this segmentation clock are
arranged in spatial waves. The researchers found that the segmentation clock functions in both the
germband (Sarrazin et al., 2012) and the blastoderm (EI-Sherif et al., 2012) of the short-germ insect
Tribolium castaneum. They also found that the even-skipped gene in the red flour beetle Tribolium
castaneum, is expressed like gene expression waves from the posterior to the anterior part of the
beetle's body. Eventually, It stops the formation of different segmented stripes. The researchers
found that the presence of the segmentation clock was observed as stripe formation in the

Tribolium embryo (El-Sherif et al., 2012, 2014).



Pattern formation in short-, intermediate and long-germ insects
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Figure 1: Pattern formation in insects: The picture displays different states with different colors,
indicating the single gene expression and the simultaneous expression of multiple genes. The speed
regulator regulates the rate of transition between states. Cells transit through progressing states at
varying speeds, depending on the value of the speed regulator. This happens simultaneously (El-
Sherif et al., 2014).

During the pattern formation, the cells are exposed to a constant gradient of the speed
regulator. Gene expression waves propagate from higher regions to low-speed gradients, and the
cells transition through successive states. However, they transit through lower when the speed
gradient is lower. The gradient-based speed regulation leads to a clock-and-wavefront model when
the gradient is very steep and moves back towards higher gradient levels. All cells initially start
with the blue state. Cells migrate from the high peak value of the wavefront to the neutral value
during the wavefront progression. Cells that are under the influence of the wavefront will transition
to the next state. On the other hand, other remaining cells persist in the blue state. This procedure
goes through until all the cells along the spatial axis go to distinct states. The researchers mentioned
this mode of speed regulation "wavefront-based.” When the researchers used oscillators for
sequential processes, they used the same model to produce a recurring pattern, referred to as

segments (Zhu et al., 2017). These Segments are generated sequentially over an extended period,

going through cellular division and reconfiguration (Brown et al., 1994) .



In insects, after a sequence of divisions, the nuclei migrate toward the outer edge, where they
ultimately create blastoderm. The initial stage of the embryo starts to elongate, which leads to the
development of a germband. The researchers classified the three main classes of embryogenesis
based on the number of fates (Sarrazin et al., 2012). The scientists found that in long-germ insects,
all segments are specified simultaneously within the blastoderm (Davis & Patel, 2002). The fate map
of blastoderm shows the complete blueprint of the future body segments (Hartenstein & Campos-
Ortega, 1985). However, at the blastoderm stage of short-germ and intermediate embryonic
development, only the insect’s anterior segments are initially determined. During the secondary
growth phase, The researchers found that the posterior region of the germband undergoes
significant elongation (Liu & Kaufman, 2005). This leads to the development of posterior segments

and their final elongation.

Short-germ  Intermediate-germ Long-germ

Blastoderm

TIME
T
b 4

Germband

Figure 2: The early stages of insect development: The early stages of development involve two
distinct phases: blastoderm and germband. These stages are responsible for determining the
anterior and posterior fates (EI-Sherif et al., 2014).

In short-germ insects, most cell fates are determined during the germband stage (Figure 2).
On the other hand, in long-germ insects, cell fates are determined during the blastoderm stage. The

insects classified as intermediate germs are defined between the two extreme cases depicted in

Figure 2. Through the speed regulation model, both gradient-based (Fig. 1, Left) and wavefront-



based (Fig. 1B, Right) are patterned in insects. In this way, this model allows for the transformation
of short germs into long germs during the evolution process. In the short-germ insect, the
determination of AP fates occurs in a wavefront-based manner during the germband stage. Thus,
the initial few cell fates spread throughout the blastoderm in a gradient-based manner. After the

blastoderm stage, the germband occurs in a wavefront-based manner.

In situ HCR

HCR, or hybridization chain reaction, involves the initiation of a hybridization, which leads
to the polymerization of oligonucleotides into long double-stranded DNA molecules. This is an
amplification system that uses nucleic acids to identify specific sequences of RNA or DNA. The
amplifiers are called DNA hairpin molecules, which are polymerized, and they are dependent on
the existence of particular DNA sequences, which are called initiators. Before the hybridization
with a DNA probe to a target molecule, one or more initiator sequences must be attached to the
probe. So, after the incubation with the DNA hairpin amplifiers, polymerization occurs. This
results in the buildup of a label at the location where the probe is attached. The amplification and

detection reaction’s rapidity can be conducted under mild conditions (Zhuang et al., 2020).

The researchers (Ikbal et al., 2015) found that HCR can effectively amplify signals without
the need for enzymes while maintaining a constant temperature. The HCR amplifier consists of
two distinct DNA hairpins (H1 and H2), and they are kinetically trapped, as shown in Figure 3.
They trigger a specific self-assembly process when they face a matching DNA initiator sequence
(I1) (H. M. T. Choi et al., 2014; Dirks & Pierce, 2004; Lindstrom et al., 2023). The initiator 11 hybridizes
with the hairpin H1’s input domain and causes the hairpin to unfold and reveal its output domain.

After that, this goes for hybridization with the input region of hairpin H2 and causes the output

10



region of H2 to get exposed. This establishes the basis, which forms a series of interconnected
reactions. This involves the formation of polymers by the alternating steps between H1 and H2 (H.

M. T. Choi et al., 2018).

a & ar B pe ¢ a* b Detection stage Amplification stage
% b
'y [ MRNA target H1 57— quaHer
— - i
b= b Probe binding sites — H2 ampiiiier
b=b" b=b" V /
=L = DNA probe set Hybridize
s probes / Tethered
c=c¢ ==F and wash E'E;r?:csi:t H2' fyorescent
a e cEW oEa DMA inifiators and wash HI H2 ) aurllplufncalnon
H1 H2 2 1 2 n /' polymers
Metastable DNA hairpins Inifiator starts oEl b O /Il )
) > chain reaction - mFINA target
DNA initiator L
b* . Hairpins [
W propagate = _ “:‘E‘E
" . chain reaction ﬁ ﬁ w
aE=a Add all DNA probe sets Add all DNA HGH amolmers
DNA HCR amplification polymer 4
H1 H1 H1 Wash , Wash
b b ® ... 1 L |
«— W W % 0 16 18 34 36
1 H2 Hz Hz Experimental time (h)

Figure 3: In situ hybridization using HCR in situ amplification (H. M. T. Choi et al., 2014).

In ISH, the initiator |11 establishes a nucleation complex with the hairpin H1. Subsequently,
this intricate compound facilitates the process called branch migration, which leads to the hairpin
unfolding and transforming into a more complicated configuration referred to as 11- H1. Within
this complex, there is a segment labeled "c*-b*" (Figure 3) that consists of a single strand. The
hairpin H2 undergoes base pairing with the "c", resulting in the nucleation of this complex. Thus,
this binding enables the movement of branches. This causes the hairpin to open and goes for the
formation of the complex 11-H1-H2. A constituent of this intricate structure is the unpaired portion
"b*-a*." This leads to the re-establishment of the initiator sequence, which forms the basis for a
cascade of events involving successive stages of polymerization of H1 and H2 molecules. When
the initiator arrives, a cascade of events is initiated. The cascade events involve the sequential
formation and unfolding of H1 and H2 hairpins. These events lead to the creation of a lengthy

double-stranded polymer with nicks in it, which is amplified (J. Choi et al., 2011). Fluorophores,

11



represented as red stars, symbolize the in-situ hybridization process. During the detection stage,
probe sets are used to hybridize with mMRNA targets to form a binding. In the amplification stage,
initiators are activated to induce the spontaneous formation of fluorescent amplification polymers.
This stage is mentioned as the amplification stage.

HCR signal amplification has been devised for a diverse range of technological applications
in different types of laboratory settings (H. M. T. Choi et al., 2014) and used for a wide range of
output signals. These signals include fluorescence (J. Choi et al., 2011). HCR can identify different
initiator sequences and execute their tasks autonomously (H. M. T. Choi et al., 2014). Although in
situ hybridization chain reaction (HCR) possesses several technical advantages, it has yet to be
widely adopted as the standard method for mMRNA detection. This is because in situ HCR utilizes

DNA hairpins that are costly and exceed that of conventional ISH methods.
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CHAPTER II
EXPERIMENTAL
Materials and Methods
Preparation of Rearing Flour (RF) for Stock Keeping and Resting Adult Beetles
Composition: 1 kg of whole grain flour was mixed with 509 of yeast powder.
Preparation of Egg-Collection Flour (EF)
Composition: 1 kg of white flour with 50g of yeast powder was mixed

Reagents and Solutions

309% probe hybridization buffer (for 40mL)

30% formamide (12mL) , 5x SSC (10mL of 20X) . 9mM citric acid pH 6 (720uL of 0.5M) , 0.1%
Tween20 (40uL), 50ug/mL heparin (200uL of 10mg/mL), 1x Denhardt's solution (800uL of
50X) , 5% dextran sulphate (4mL 50%). 40mL was filled with MQ water.

30% probe wash buffer (for 40mL)

30% formamide (12mL), 5xSSC (10mL of 20X) , 9mM citric acid pH 6 (720uL of 0.5M), 0.1%
Tween20 (40uL) , 50ug/mL heparin (200uL of 10mg/mL heparin), Fill to 40mL with MQ water.
Amplification buffer (for 40mL)

5X SSC (10mL of 20X), 0.1% Tween20 (40uL), 5% dextran sulphate (4mL of 50%), The solution
was filled to 40mL with MQ water.

5X SSCT (for 40mL)

5X SSC (10mL of 20X), 0.1% Tween20 (40uL), 40mL was filled with MQ water.

13



50% dextran sulphate (for 40mL)
20g dextran sulphate powder. 40mL was filled with MQ water.
PBT
1x PBS, 0.1 % Tween20
Tribolium Embryo Fixation

In a glass scintillation vial, fixative (4 ml 1x PBS and 600 pl 37 % formaldehyde) and 5 mL
of heptane were combined and mixed well. The mixture was separated into two phases. In the
mixture, the fixative was on the bottom. Embryos were placed in a mesh basket (modified 50-mL
tube) and immersed in a beaker containing 50% bleach, moving the basket up and down for ~2
min. When dechorionated, the embryos floated on the surface. The embryos were rinsed well with
water for ~1 minute to remove all traces of bleach and move them to the center of the mesh. The
basket was disassembled, and the mesh was blotted on a paper towel to remove excess water. Using
forceps, the mesh was grabbed and submerged in the heptane layer of the previously prepared vial
from Step 1. The eggs fell off the mesh and were moved to the fixative/heptane interface. If eggs
were stuck to the mesh, they were transferred gently with a paintbrush. The vial was attached to a
platform rocker and agitated at 250 rpm for 1 hour. The bottom layer (fixative) was removed using
a Pasteur pipette, 5 mL of methanol was added, and the vial was quickly shaken by hand for 30
sec. Devitellinized eggs (usually young embryos) sunk to the bottom. The fixative was disposed
of in an appropriate hazardous waste container. Sunk embryos were transferred to a clean
collection tube. Still, vitellinized embryos were passed through a 20-gauge 1.5-in. needle which
was attached to a I-mL syringe. This helped devitellinized older embryos and separate germband
from yolk cells. Thus, Devitellinized (germband) embryos sunk to the bottom. Sunk embryos were

transferred to a clean
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collection tube. The steps were repeated until most eggs were devitellinized. Heptane and
methanol were disposed of in an appropriate hazardous waste container. Embryos were washed in

a collection tube three times for five minutes each with Methanol and stored in Methanol at -20°C.

Sample preparation

Embryos were washed in 50% MeOH/ 50% PBT for 5 min. After that, they were washed in
PBT 3x5 min. Then again, they were washed in PBT 3x30 min. Then, the embryos were post-fixed
by washing in 4% formaldehyde in PBT (891 pl PBT + 108 pl 37% formaldehyde) for 30

min. They were washed in PBT 3x5 min.

Detection stage

The embryos were prehybridized in 100 pl of 30% probe hybridization buffer, incubating
them for 30 minutes at 37 °C. In parallel, the probe solution was prepared by mixing 0.8 ul of a 1
UM stock solution into 3.2 pl of 30% probe hybridization buffer for each probe of each probe into
100 pl of 30% probe hybridization buffer. Then, the probe solution was warmed at 37 °C for 30
minutes. After the prehybridization period, the prehybridization solution was discarded and
replaced with the prepared probe solution. The samples were then incubated overnight at 37
°C. 100 pl 30% probe wash buffer was washed (preheated) at 37 °C for 4x15 min. Samples were
washed for 3x5 min in 5x SSCT at room temperature (RT). Meanwhile, amplifiers were prepared

(see amplification stage).

Amplification stage
To prepare 30 pmol of each fluorescently labeled hairpin, snap cooling was begun for 2 ul of
a 3 uM stock solution. To do this, 2 ul of HI and H2 hairpin solutions for each linker (B1, B2,

etc.) in PCR tubes were first thawed. Then, the solutions were heated in a thermocycler at 95 °C
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for 90 seconds. Following heating, the solutions were allowed to cool to room temperature in the
dark for 30 minutes. Then, the embryos were preamplified in 100 pl amplification buffer for 30
min at Room temperature. Next, the hairpin solution was prepared by adding all snap-cooled
hairpins to 100 pl amplification buffer at Room temperature. The preamplification solution was
removed, and the hairpin solution was added. Then, the samples were incubated overnight in the
dark at Room temperature. The excess hairpins were removed by washing with 5x SSCT at RT for

2x5 min, 2x 30 min and 1x 5 min, and embryos were stored in slowfade gold.
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CHAPTER III

RESULTS

Following three hours of egg laying, the eggs were subsequently placed in an incubator set at
a temperature of 24 degrees Celsius. The eggs remained in the incubator until they reached
incubation times (ITs) ranging from 14h to 23h, with increments of three hours. After that, the
eggs were conserved through fixation and subsequently stored in a freezer. The HCR
(Hybridization Chain Reaction) technique was used to amplify and detect RNA molecules and was
then employed to stain the embryos. Embryos were stained for each IT, and mRNA staining was
performed for the pair-rule genes of the three observed genes. The embryos were analyzed under
a confocal microscope to gain insight into the staining process. Figure 4 displays the captured
images for each Incubation Timed (IT) and the observed genes (eve, run, and odd) related to pair-
rule genes. The imaging process commenced at the 1T14 position for the gene types. Prior to this,

no detectable gene expression pattern was seen in the experiment.

Pair rule Gene expression pattern formation
In this experiment, several 1Ts were analyzed. The embryos were categorized into two main stages.
The blastoderm stage represents the initial phase of embryonic development. The final day of 1T23
was the last day of the blastoderm stage. During the blastoderm stage, each of the pair-rule genes
produced three distinct stripes that were only observable on the entire egg. Subsequently, the

germband stage commenced. Additional stripes emerged on the embryo during the germband
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stage, like the ones observed in the blastoderm. An analysis of the comparison between blastoderm

and germband (Figure 4) unveiled a consistent expression pattern that undergoes a transition from

blastoderm to germband.

Figure 4: Expression of pair-rule genes eve, run, and odd in Tribolium. The genes are displayed
in colors green: eve, yellow: run, red: odd. Posterior to the right. Blastoderm stages are from 14
to 20 h (A-1), and the germband stage is during 23h (J-L) after egg laying.

Figure 4, panels A-C, demonstrate that the signals eve was observed initially. The run and odd
genes were only detected at the posterior end towards the end of the process. After three hours

(IT17) panels D-F, the wavefronts resulting from the expression of all three genes exhibited a

consistent pattern, which ultimately formed three distinct stripes. Based on the figure and evidence,
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it can be found that Eve was the earliest and most anterior 1st expression of the stripe. The second
stripe run was found to create a stripe that aligns directly with the posterior edge of the first-eve
gene pattern. Moreover, the third one, the odd gene, was distinctive and ultimately appeared as a
stripe right after the first two gene expressions. In the figure, the expression of Eve and Odd
ensures that they do not coincide with each other.

Figure 4D-F clearly illustrates the emergence of a new wavefront in the Eve gene. The
appearance of its initial stripe characterizes this pattern. Eve and odd genes do not intersect, and
This phenomenon is clearly visible in Figure 1 G and I, where it is clearly seen that a new odd
genes wave did not emerge until the eve expression had disappeared entirely from the posterior
end and moved towards the anterior to form a distinct band. After approximately twenty-three
hours, the embryos had progressed to the germband stage. The presence of typical embryo features,
such as head structures and a symmetrical, elongated body distinguishes this stage.

During this stage, a fourth wavefront of eve was observed, which maintained expression
levels like those seen in the blastoderm stage. Furthermore, the expressions emerged as wavefronts
in the posterior part of the growth zone, and subsequently, they developed into sparsely distributed
stripes at the anterior of the growth zone. Moreover, the embryo exhibited an increase in length as
additional stripes formed along the anterior-posterior axis. The initial stripe on the Eve gene
started to divide into two narrower stripes (Fig.4 J: 1), whereas the three-run and odd stripes
remained singular. Every evolved stripe of Eve genes separated among their stripes apart one after

another.
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CHAPTER 1V

DISCUSSION
It was believed that the development of segmentation was attributed to two distinct systems.
The first one refers to an expression that relies on information received from nearby cells or
morphogen gradients. This situation influences the surrounding cells. Scientist Wolpert (1969)
proposed that the French Flag model executes this situation in nonelongating tissue. The cells'
impact on the fate of their neighboring cells is determined by a concentration gradient that is
dependent on the local threshold of the slope. This model is more common in non-elongating
tissues, such as the blastoderm in Tribolium than in elongating tissues. There is another system
that is applicable to elongating tissues. Each cell rhythmically exhibits synchronized gene
expression waves, which resemble the movement of a segmented clock or clock-like pattern. The

elongated tissues of the germband in Tribolium can be demonstrated through this model.

The pair-rule genes show periodic expressions in a consecutive set of genes. In this research,
Eve consistently appeared as the initial expression. After that, we detected "run" and, finally, "odd"
genes. The pair-rule genes demonstrate oscillatory expressions and are arranged in a hierarchical
sequence of genes. Eve consistently precedes run. On the other hand, odd consistently follows as
the final expression. Due to this hierarchical arrangement, a pattern composed of three stripes
reoccurs consistently. The researchers found that Eve consistently takes the lead in the cascade and
acts as an activator for the pair-rule cascade. When the gene expression goes on, Eve and Odd are
seen as indistinguishable counterparts. Both genes’ expressions were clearly visible without

overlapping each other in this research. In Figure 4D/F, it was seen that the unusual wave has
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reached the anterior end of the growth zone and began the formation of a stationary stripe.
Simultaneously, the eve expression is starting to appear from the growth zone’s posterior end. Once
the eve expression has passed the posterior pole, the odd wave begins to emerge from the growth
zone, as depicted in Figure 4 G/I. This explanation elucidates a gene-activating cascade, wherein
Eve initiates the activation of the run expression. This situation subsequently triggers odd gene’s
activation, which activates Eve. This situation prompts the gene to move once again. The hierarchy

produces a recurring arrangement of three stripes.

One characteristic of the expression pattern of the pair-rule gene is the conversion of dynamic
wave expressions into static stripes. This result considers both the French Flag model and a clock-
based segmentation. During the initial stage of development, known as the blastoderm stage, the
embryo does not commence the process of elongation. However, the waves of the forthcoming
pair-rule expression exhibited a distinct and well-structured striped pattern. Although the
expression pattern remained consistent during the germband stage, it is evident by the researchers
that the pair-rule genes are self-regulating in an oscillatory fashion, guided by a segmentation
clock. Due to the consistent expression pattern between the germband and the blastoderm, the

segmentation clock operates continuously throughout both stages.
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