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Abstract:
Within an organism’s body, microRNAs—tiny, 20-base long strands of RNA—act as
negative regulators of other genes (Lee et al., 1993; Lau et al., 2001; Carrington and Ambros,
2003). Here we examined two Drosophila melanogaster miRNAs: miRNA-8 and the miRNA12/283/304 cluster, which we will refer to as miRNA-283. We focused on their roles in the
development of the embryonic salivary glands, where these miRNAs show definite expression
during salivary gland formation (Aboobaker et al., 2009). We crossed flies to obtain progeny that
over-expressed miRNA-283 or miRNA-8 either ubiquitously in the embryo or in the salivary
glands themselves. The embryos were immunostained for FORKHEAD, a protein found in the
glands. Our results show that over-expression of miRNA-283 or miRNA-8 results in either smaller
glands or in the complete loss of glands, and in some cases, serious germ-band retraction
problems. In contrast, removal of miRNA-8 resulted in 81 % of the homozygous mutant
embryos, stage 13 and older, having extra cells stain as gland cells where the salivary ducts
begin. Our results suggest that miRNA-8 and miRNA-283 help define the number of cells

specified to be salivary gland cells. Using a bioinformatics approach, we identified six genes as
potential targets for miRNA-8 and three genes as potential targets for miR-283 in the salivary
glands. Two of the genes, Scr and homothorax, are good candidates as targets in the glands. Scr
was identified as a probable target for miRNA-8, and homothorax was identified as a probable
target for both miRNAs.
Background:
MicroRNAs are tiny, 20-nucleotide-long strands of ribonucleic acid (RNA). Normally,
when DNA is transcribed into messenger RNA, this messenger RNA is translated by ribosomes
and eventually becomes a protein. However, for a miRNA encoding gene, its messenger RNA is
sliced into small fragments and not translated to a protein (Ji, X, 2008). One of these
fragments—the miRNA—instead regulates the translation of messenger RNA of other genes
(Carrington and Ambros, 2003). The miRNA targets specific messenger RNA strands that have
complementary sequences to itself. The miRNA binds to this RNA, which prevents translation
by indirectly causing the messenger RNA to break or by directly making it ‘unreadable’. Thus,
miRNA negatively regulates the expression of genes by stopping or slowing the process of a
gene’s translation. Each microRNA (miRNA) has a distinct area and time of expression, wherein
the miRNA negatively regulates—decreases—its target genes’ expressions.
miRNAs are highly conserved through evolution—across species, the genes for the same
miRNAs have remained extremely similar (. Since miRNAs are conserved across species,
investigating a miRNA in one species can give crucial information about its related miRNA in
another species, such as in humans. Many of the miRNAs in us are found in other species, and
these homologs can also have similar or equivalent functions. Two such conserved miRNAs are
miRNA-8 and miRNA-283. miRNA-8 is homologous to miRNA-200 in humans. (Iba´n˜ ez-

Ventoso, Vora, and Driscoll, 2008; Hyun et al., 2009). In flies, we know that miRNA-8 prevents
neurodegeneration (Karres et al., 2007); it also negatively regulates Wnt signaling overall
(Kennel et al., 2008). miRNA-8 was also recently found to regulate fly body size via insulin in
the fat bodies, equivalent to our livers (Hyun et al., 2009). In humans, miRNA-200 regulates the
invasion of prostate cancer cells (Kong et al., 2009); it also targets genes that cause ovarian
cancer and over-expression of miR-200 inhibits ovarian and pancreatic cancer cell migration (Hu
et al., 2009; Li et al., 2009). miRNA-12/283/304 cluster is homologous to miRNA-496 and
miRNA-216a in humans (Iba´n˜ ez-Ventoso, Vora, and Driscoll, 2008). Little is known about the
fly homolog, but miRNA-496 is found in the human brain and may be linked to
neurodegenerative diseases, such as Alzheimer’s Disease (Nelson, Wang, and Rajeev, 2007).
miRNA-216a plays a role in diabetic nephropathy (Kato et al., 2009). Better understanding the
function of these miRNAs in us requires understanding their homologs’ roles and target genes in
flies.
miRNA-8 and miRNA-283 show expression in the visceral mesoderm and salivary glands
during embryonic development. (Aboobaker et al., 2009). The salivary glands have been studied
as a model for tubular organ formation due to their simple structure and to the fact that they
utilize processes similar to those in vertebrate organ development. The glands are derived from
80-100 ventral surface cells in parasegment 2 of the embryo. The gene Sex combs reduced (Scr)
is expressed in all of parasegment 2, which includes those cells which become the salivary gland
placodes. When Scr is not expressed, embryos lack salivary glands. Between the two placodes lie
two rows of cells which later become the salivary ducts. Duct cells are fated where EGFsignaling exists, between the placodes at the ventral midline of the embryo. As the embryo
develops and the germ band retracts, the placodes invaginate into the embryo from the surface

during stage 12. They finish invagination by the end of stage 12. forkhead (fkh), a gene induced
by Scr, is necessary for this invagination and begins expression at stage 10. Without fkh, the
placodes would not invaginate and would later die, and salivary gland and duct cells would not
be differentiated (Henderson and Andrew, 2000).
In this study, we examined the role of miRNA-8 and miRNA-283 cluster in this
development of the salivary glands. We also used bioinformatics to identify potential salivary
gland specific targets of miRNA-8 and miRNA-283.

Materials and Methods:
Fly lines:
miR-8[delta1]/Cyo, UAS-miR-8-2, UAS-miR-8-4, UAS-miR-8-6 and UAS-miR-283-5
were a gift from Dr. Eric Lai. nanos-GAL4 and w1118 were obtained from Bloomington fly stock
center and fkh-GAL4 was a generous gift from Dr. Deborah Andrew.
Crossing flies:
Females or males from the GAL4 containing fly line were mated to the opposite sex of
flies containing the UAS construct. This system was used to over-express the miRNA in a
particular location within the embryos. Virgin females are important because we want to make
sure they have not already been impregnated by males of their own line. We utilized the UASGAL4 system. One sex has the GAL-4 protein connected to a fly gene, so the GAL4 protein is
made when and where the gene is expressed. The other sex has the UAS sequence that is
activated by the GAL-4 protein; the UAS sequence is hooked to another gene, in this case the
miRNA of interest. Thus, wherever the GAL4 gene is expressed, the miRNA is over-expressed.

Nanos –Gal4 is expressed early and throughout the embryo, whereas fkh-GAL4 is limited to the
salivary gland precursors at the start of salivary gland formation.

Embryo collection and fixation:
Embryos are dechorionated (removal of eggshell) in 50% bleach, followed by fixation in
a mixture of 2:1:1 mixture of heptane: formaldehyde: phosphate buffer for 30 minutes. Embryos
were then devitellinized in methanol and stored at 4oC or -20oC for later use.

Immunostaining:
The salivary glands in the fixed embryos were visualized by immunostaining for
FORKHEAD, a protein made in the salivary glands from stage 10 onward. The embryos were
then visualized using fluorescence microscopy.

Bioinformatics:
PicTar constitutes an algorithm to predict targets of a miRNA based on complementary
sequencing. This tool can be accessed using the website: http://pictar.mdc-berlin.de/ . The
miRNA sequence was obtained from Gen Bank and input into this algorithm and the search
results were analyzed for potential salivary gland expressed genes using published data as well as
the BDGP and Flybase.

Experimental Results:
miRNA-8 deletion results in extra fkh-expressing cells
To examine the effect of loss of mir-8 on salivary gland development, we collected
embryos from the miR-8[delta1]/Cyo line: based on genetic inheritance, about 25% of the
progeny of these parent flies should be homozygous for the miR-8[delta1] allele, meaning that
they are homozygous for the “deleted” version of miRNA-8. Thus, these embryos would not,
presumably, be able to make miRNA-8. As we looked through the stained embryos, we found
that several had a trail of cells staining for FKH after the glands had invaginated fully, such as in
stage 13 and 14. Even late-stage embryos, such as stage 15 and beyond, had this same “trail” of
cells, in the area where the salivary ducts begin.
This phenotype was not seen in wild-type embryos. We looked at a total of 144 miR8[delta1]/Cyo line embryos: 64 embryos were stage 13 and older, where the glands were fully
developed. Of the 64 older embryos, about 25%—or 16 embryos—should have been
homozygous for miR-8[delta1], but only 13 embryos had the mutant phenotype. We therefore
predict that about 80% of the homozygous mutants display this phenotype.

Ubiquitous miRNA-8 over-expression results in small or no glands, and germ band problems
Over-expression was investigated next, beginning with miRNA-8. Using the UAS-GAL4
system, we bred flies that over-expressed miRNA-8 ubiquitously and early on, wherever nanos,
an early gene found throughout the embryo, was driven. Many had extremely small salivary
glands or were missing them entirely. Some embryos also had germ band retraction problems. In
a total of 43 embryos viewed, approximately 43% of the embryos, stage 11 onward, had these
major gland defects. When we calculated the percents by stage, starting with stage 12, we found
an average percent of 46% mutant per stage. These percentages make sense: according to the
genetic cross, about 50% of the embryos should have both the UAS-miR-8-2 and the nanosGAL4 protein, thus having miRNA-8 over-expression where nanos is driven.

Ubiquitous miRNA-283 over-expression also results in small or no glands
When miRNA-283 was over-expressed in the same manner—ubiquitously and early on—
there were similar results. With this sample, we looked at 27 developed embryos, and again,
embryos had small glands, a lack of glands, or small glands paired with germ band retraction
issues. The embryos with small glands also sometimes had another portion of staining near the
head region, not connected with the glands. The percent of mutant embryos was 41%.

fkh-driven over-expression of miRNA-8 results in misshapen glands
When miRNA-8 was over-expressed where fkh is driven, in a total of 16 developed
embryos, 2 had severely misshapen “c-shaped” glands. Thus, approximately 12% of embryos
had the mutant phenotype; the percents for stage 13 and 16 were 50% and 25%, respectively.

Bioinformatics results:
Looking through the exhaustive list of predicted targets for each miRNA, genes
associated with the salivary glands were noted. These are genes either necessary for gland
formation or genes that help in some way to antagonize gland formation. For miRNA-8, we found
the following: rhomboid, Serrate, homothorax, Sex combs reduced, zinc finger homeodomain1,
and spitz. For miRNA-283, we found the following: rhomboid, homothorax, and Ultrabithorax.

Discussion of results:
miRNA-8 helps define boundary between gland and duct cells
Normally, there is an abrupt division between the gland cells and the duct cells, which
correlates with the specific expression of miRNA-8 in the glands and not the ducts. But, as shown
above, miRNA-8-null embryos have a “trail” of cells expressing the salivary gland gene fkh. This
demonstrates that miRNA-8 helps create or maintain the boundary between gland and duct gene
expression, because when miRNA-8 is missing, so is this clear-cut division. We do need to
confirm these findings with more embryos, but it is still quite a significant discovery to know
one role of miRNA-8 specifically in the salivary glands.
One fact to point out is that the particular mutant line used has a very small deletion
within the miRNA-8 gene. Usually, a large portion of the gene-of-interest and surrounding area is
removed, but in this case, only the ~20-bases of miRNA-8 gene were removed and replaced with
another piece of DNA (Karres et al., 2007). When the creators of this fly line used the miRNA8[delta1] allele, they bred it into combination with one of the other mir-8[delta] deletion alleles
(delta3 or delta2) in order to get truly miRNA-8-null flies. The [delta1] allele was not as strong of
a deletion as the other versions. We plan to get a stronger deletion line to evaluate this phenotype
further. But even with the deletion data as it stands, a definite role for miRNA-8 has been
demonstrated. And looking to the over-expression data sheds even more light on miRNA-8’s
roles and possible targets.

Is germ band retraction affected by lack of Wnt and wingless?
miRNA-8 potently regulates Wnt and wingless in Drosophila (Kennel et al., 2008). The
Wnt/wingless signaling pathway is utilized throughout the embryo; it is part of the segment
polarity gene network for organizing embryo segmentation (von Dassow et al., 2000). Thus,
when miRNA was over-expressed throughout the embryo early on, it may have had adverse
affects on setting up segmentation, and this may have caused the numerous germ-band issues and
slightly-off mid-guts.

miRNA-8 targets hth and Scr in the salivary glands
When miRNA-8 was over-expressed ubiquitously and early on, as discussed above, the
glands were severely reduced. Though over-expressed early on, the miRNA should still be
present later on in the glands when it is normally there. However, since the microRNA was
present long before it is normally expressed, it must have negatively regulated its normal targets
“ahead of schedule.” In the bioinformatics results for miRNA-8, we looked for genes that come
on earlier in the salivary glands but later disappear. The miRNA-8 probably normally depletes
these genes after they help fate the gland cells.
Two such gland genes were listed: homothorax (hth) and Scr. These genes are essential in
salivary gland fate. homothorax’s protein, HTH, along with extradenticle (exd)’s protein, EXD,
are necessary for early gland cell fate and help activate Scr in the gland primordia. HTH and
EXD appear early on in the embryo, including in the cells that will become the salivary glands.
At stage 11, right before invagination,, HTH and EXD nuclear localization (which is caused by
HTH) both disappear, as does Scr expression (Henderson and Andrew, 2000). miRNA-8 must
negatively regulate hth and Scr messenger RNAs until the two are no longer present in the

salivary gland cells, which occurs by around the time of gland invagination. For some reason
unexplained as of yet, SCR, HTH, and EXD are not ‘wanted’ for gland invagination, and
miRNA-8 helps make sure of this.
It now makes sense why the mutants’ glands were either small or non-existent: when
miRNA-8 was over-expressed early on, it negatively regulated hth and Scr expression before
schedule, turning them off before they were able to fate (all or enough of) the gland cells.

miRNA-283 also targets homothorax in the glands
PicTar also predicted miRNA-283 to target hth messenger RNA. This makes it clear why
ubiquitously over-expressing miRNA-283 causes the same “severely reduced glands” phenotype:
an over-expression of either miRNA shuts down hth prematurely. But under normal miRNA
expression, perhaps this “redundancy” in targeting hth assures that its expression does disappear
by stage 11.

Over-expression of miRNA-8 during its normal stages causes over-regulation
When we over-expressed this miRNA using fkh as the GAL4 driver, we over-expressed
miRNA-8 in the salivary glands and visceral mesoderm—where it usually is—at around the same
stages that the miRNA is normally expressed. It seems, therefore, that too much of the miRNA
has caused problems with gland migration during or after invagination, since the glands have
indeed invaginated but they are curved sharply and sometimes asymmetrical in size or shape.
Further study is needed to fully understand what miRNA is regulating to cause this, because little
is known about what guides the migrating glands except that they hit the mesoderm and turn.

However, other targets of miRNA-8 and miRNA-283 can be surmised, based on genes known to
affect the salivary glands’ formation and invagination.

Other hypothesized targets of miRNA-8 in the glands
Based on the list of possible targets predicted by PicTar, we discerned which would
make plausible targets within the context of the glands. Though we don’t necessarily have
phenotypic proof that these target predictions are true, we shall elaborate on why we believe they
are indeed targeted within the salivary glands. The first miRNA-8 target is rhomboid; this gene is
needed for the EGF-signaling pathway. Normally, EGF signaling occurs along the midline
between the two placodes (Henderson and Andrew, 2000; Maybeck and Röper, 2008). Cells that
express HTH and EXD along with EGF signaling become duct cells, whereas cells that express
HTH and EXD without EGF signaling become gland cells (Andrew, Henderson, and Seshaiah,
2000). Thus, it makes sense that miRNA-8 should negatively regulate rhomboid: the microRNA
helps to differentiate and maintain gland cell fate.
miRNA-8 also targets Serrate, a gene that is expressed in the duct cells and later directs
the intermediate cells (at the border between the duct- and gland-fated cells) to become the
imaginal ring cells, which will later make tubes within the glands (Haberman, Isaac, and
Andrew, 2003). If miRNA-8 negatively regulates Serrate, it would keep Serrate limited to the
duct cells and imaginal ring fated cells limited as well, since Serrate messenger RNA would not
travel far into the gland cells where miRNA-8 is expressed.
Another miRNA-8 target associated with the ducts is spitz. This gene helps determine duct
cell fate as well (Maybeck and Röper, 2008) Once again miRNA-8 is probably maintaining the
border between gland and duct cells by keeping it out of the gland cells.

miRNA-8 is predicted to target zinc finger homeodomain 1. This is not directly involved
in cell fates, but it may be needed for teashirt, a zinc finger protein. teashirt is a gene which
keeps the salivary glands out of other parasegments of the embryo; it antagonizes Scr in those
segments so that those cells don’t express gland cell genes (Andrew, Homer et al., 1994).
Perhaps miRNA-8 prevents teashirt from antagonizing Scr when Scr first comes on, before the
miRNA has a chance to down-regulate Scr.

Other hypothesized targets of miRNA-283 in the glands
Like miRNA-8, one predicted target of miRNA-283 is rhomboid. Again, stopping
rhomboid would limit EGF signaling to the midline between salivary primordial, keeping the
number of duct cells limited to that region as well.
Another target of miRNA-283 is Ultrabithorax; this gene is necessary for dpp activity.
HTH and EXD, in the absence of dpp signaling, cause salivary gland fate (Henderson, Isaac, and
Andrew, 1990). Thus, negatively regulating Ultrabithorax assures that dpp will not block
salivary gland cell specification.

Conclusion:
In summary, miRNA-8 and miRNA-283 play a crucial role in the formation of one set of
tubular organs, the salivary glands, in Drosophila melanogaster. These two miRNAs help
regulate the number of cells in the gland, and also help maintain gland cell fate at some level.
miRNA-8 has many other known roles in Drosophila, but it is significant to see that this miRNA,
which is found in the visceral mesoderm, salivary glands, and in later development, affects
nervous system, has specific roles and targets for each area. This demonstrates how intricate and

precise miRNA tuning is within an organism. Knowing how multifaceted this miRNA’s role is in
Drosophila, one can assume the same occurs with its human homolog miRNA-200. Overall, this
project simply brings light to the complexity and beauty of genetics. Such tiny strands of RNA
can determine the existence of an entire organ in one species, while at the same time can fight off
cancer metastasis in another. Hopefully, this project brings deeper knowledge to both the human
and fly sides of development and genetics.

Future research:
We will obtain other mir-8[delta] lines with a stronger deletion, in order to examine
whether stronger deletion impacts the “trail” phenotype. A stronger deletion may result in a more
striking phenotype, such as many more “extra” cells in the trailing end of the glands.
To better comprehend how many homozygotes the miRNA-8[delta1] mutation affects, a
new line of flies, miR-8[delta1]/Cwl, can be examined. We bred this line during this summer.
This line is heterozygous for lacZ, which makes a protein that can be stained in the embryos.
Double-staining for this protein and for FKH can determine beyond a doubt which embryos lack
the lacZ protein and are therefore homozygous for the miRNA-8 deletion. We can then determine
the exact percent of penetrance for the mutant phenotype in homozygotes.
More over-expression data would give insight into what other genes interact with these
miRNAs. We will over-express the miRNAs with their proposed targets hth and Scr. This could
help show that the miRNAs indeed regulate these predicted targets. In addition, over-expressing
miRNA-8 where duct genes, such as Serrate and spitz, show expression would prove if the
miRNA does indeed target these: the ducts may not be able to form if miRNA-8 is expressed in
the same location.

Immunostaining for SCR or HTH in over-expression-mutant embryos would show if
their expression is different than in wild-type embryos. Looking at earlier stages, such as before
12, would show whether these genes are over-regulated by premature miRNA expression.
One important item is to perfect an in situ hybridization protocol. This would stain where
the miRNA is being made in the embryo. This summer, we successfully made probes using
cloned miRNA transcripts, but we were unable to get specific stains in the fixed embryos.
Finding a protocol that gives specific staining would give clearer insight into when exactly these
two miRNA show up in the glands in wild-type embryos. We could also stain embryos lacking
gland genes. If we compared the miRNA stains with those in wild-type embryos, we may be able
to discern what gene actually induces the miRNA expression.
And one more point of interest: when looking through the list of predicted targets in
PicTar, one other target was shared by both miRNAs: mindmelt. It is associated with the central
nervous system, but it might have some role in the salivary glands or ducts as well.
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