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Abstract

Maternal RNAs are transferred through the oocyte cytoplasm to the fertilized
progeny. In metazoans, these transcripts play a critical role in patterning embryonic
development prior to the maternal-to-zygotic transition. The 3'UTR appears to be the
primary determinant controlling the pattern of maternal RNA expression in the germline
and in the embryo. The 3’UTR also directs robust translation in male gametes, suggesting
a possible role for mRNA inheritance through the male germline in C. elegans.
Specifically, the set-2 3'UTR drives strong translation of a GFP reporter in sperm. This
study aims on identifying cis acting elements in this UTR that confer strong sperm-
specific translation, and screening for frans acting RNA binding proteins that influence

sperm translation efficiency.
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Introduction

By the end of the 19" century, comparative embryology was still a new,
developing field. Scientists were studying the steps that lead to the development of
complex multicellular organism from a single, fertilized cell. Specifically, embryologists
wanted to find key connection ideas that could unit observations made between species in
an effort to recombine their discoveries with Darwin’s published principle of natural
selection. Modern embryologists are still focusing on the same questions 130 years later
using modern techniques of molecular and genetic biology and tools that allow them to
study the genome-wide analysis of gene expression patterns. Similar observations made
in the embryogenesis molecular development suggest a common ancestor between

metazoan species but lack explaining the morphological differences between them.

One of the main concepts that arises from embryogenesis studies is the post-
transcriptional regulation of maternal mRNAs, which is essential to the development of
the zygote. During the development of the oocytes, the egg chromosomal content
becomes locked in meiosis until fertilization happens, which prevents the transcription of
the mRNAs that the new organism inherits. In the earlier stages of oogenesis, maternal
transcripts are formed and reversibly silenced. Additionally, DNA of most animal
embryos does not get transcribed until the zygote has divided one or more times.
Generally, zygotic transcription begins after multiple cell divisions and a several
patterning and cell fate specification events. Therefore, initiation of maternal transcripts

by maternal regulatory elements offers the initial step for formation of the body



organization (Farley and Ryder, 2008).

C. elegans as a Model Organism

Caenorhabditis elegans (nematode worm) is one of the common model organisms
used in laboratories along with Drosophila melanogaster (fruit fly), Xeno- pus laevis
(frog), Danio rerio (zebrafish), and Mus musculus (mouse) (Farley and Ryder, 2008). In
this study, C. elegans offered a great system to study the process of oogenesis. This free-
living soil nematode is found worldwide and has two genders. With males arising at a
frequency of <0.2%, this nematode exists primarily as self-fertilizing hermaphrodites
allowing the complete process of early embryogenesis to be studied in one organism
(Kaymak and Ryder, 2013). One of the their important features is their transparency,
which allows to microsciablly visualize different parts of the worm, specfically the
germline as a visible gradient of development using flourescnet reporter protein.
Additionally, C. elegans is very easy to maintian and grow, using Escherichia coli as
their diet. They also produce rapidly and have a short life span, taking only 3 days to
develop from an egg to an adult. Furthermore, C. elegans have a well-annotated genome.
For example, at least 38% of the C. elegans protein-coding genes have predicted
orthologs in the human genome and 60-80% of human genes have an ortholog in the C.
elegans genome. Thus, this makes findings of experiments using C. elegans as a model
organims easily applicable to humans in the molecular level (Kaletta and Hengartner,

2000).



C. elegans Germline

Oogenisis begins at the distal tip of the gonad where a population of primordial
germ cells mitotically divide as seen in Figure 1. The distal PGCs then transition into
meiosis and their plasma membrane disappears, forming a syncytium of meiotically
arrested nuclei. The nuclei recellularize, which create immature oocytes that remain
arrested in meiosis I until they approach the spermatheca, an area that contains
spermatocytes. The oocytes will then complete both meiotic divisions and enter the

spermatheca, where fertilization occurs (Farley and Ryder, 2008).

Figure 1: False-color image of C. elegans germline (Farley and Ryder, 2008)

Once fertilized, the oocyte completes meiosis and quickly creates an anterior-

posterior body axis, with the point of sperm entry determining the posterior pole of the

ryon

ic

cell
division happens along this axis, creating a larger anterior blastomere (embryo cell), and
a smaller posterior blastomere. The larger anterior blastomere is the first of six founder
cells that form during the main cell divisions Figure 2. The founder cells will commit

themselves to differentiate into a limited subset of tissue types. In opposition, the smaller



posterior daughter cell is the responsible precursor of the entire germ line, also known as
the P lineage. The process of asymmetric division is repeated three more times until the
germline blastomere undergoes one final symmetric division to produce two primordial
germ cells. These cells are transcriptionally inactive until larval development (Farley and

Ryder, 2008).

Zygote 2-Cell 4-Cell 8-Cell 16-Cell
D @O
A ‘m'
hypodermis somatic gonad ) 1 ik
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Figure 2: Founder cells fate of the early C. elegans embryo (Farley and Ryder,
2008)

Post-transcriptional Regulation of Maternal mRNA in Oogenesis

In C. elegans, post-transcriptional regulation of maternal mRNAs controls gene
regulation during oogenesis and early embryogenesis (Kaymak and Ryder, 2013).
Hermaphrodites produce both sperm and eggs from the same place of primordial germ
cells. The orders of making eggs and sperms and the timing of the transition from sperm
making to egg production are both closely regulated. Spermatocytes are made during
larval stages of development, while oocytes are produced in adults. Changing from
spermatogenesis to oogenesis depends mainly on the post-transcriptional regulation of a

few key transcripts in the germline (Farley and Ryder, 2008).

Post-transcriptional regulation of mRNA is mainly facilitated through cis-



regulatory elements existing in the un-translated regions (UTRs) of the transcript. A
study of germline-expressed genes in the nematode C. elegans validates that 3" UTRs are
ample to drive patterned gene expression in the germline. Furthermore, most transcripts
do not contain a unique 5’ UTR, as 5'-end formation in nematodes is facilitated primarily
by trans-splicing of one of two key sequences (Merritt et al., 2008). Thus, the absence of
a unique 5’ UTR between genes makes studying the RNA binding proteins easier since

the binding region is contained in one region of the gene.

RNA binding proteins are a specific class of protiens that act to regulate gene
expression by binding to specific mRNA transcripts resulting in increased or decreased
translation (Kaymak and Ryder, 2013). Using the idea that the 3’ UTR is the main
regulatory element and understanding that affinity does not necessarily correlate to
regulation, we have developed a hypothesis on the regulation of gene expression by these
RNA binding proteins. The developed cluster hypothesis states that if there’s a cluster of
binding sites in the 3° UTR then that gene is regulated primarily by those RNA binding

proteins.

Set-2 Reporter Construct

Set-2 is a reporter construct that was integrated using standard reporter MosSC in
the Ryder Lab. Set-2 3° UTR showed faded GFP expression in the distal end followed by
an increased expression in the syncytial region, which then decreased around the
recellularization region and oocytes. The GFP expression remained strong in providing

an example of a 3’UTR that can direct expression of a reporter in male gametes (Kaymak

10



et al.,2016). Set-2 encodes a histone H3K4 methyltransferase and regulates its

levels. It plays a role in germline development, postembryonic development, and
RNA interference (Erdelyi, Wang, Suleski, & Wicky, 2016). As shown in Figure 3,
there is a GFP expression in the spermatheca which is not normally seen in other

reporter constructs.

Figure 3: Set-2 GFP expression (Kaymak et al., 2016).

RNAi and RNA-Binding Proteins

RNAIi
interference
technique was

used identify

RNA-binding

proteins that directly or indirectly control the expression pattern of the set 3’UTR reporter
strain. RNAI is a way to “silence” genes by preventing the creation of the proteins that
they code for without changing the DNA of the organism (Liou, 2010). The genes we are

interested in inhibiting are puf-5, Daz-1, Alg-3, and Csr-1. Each one of these genes was

11



selected due to the proteins that they code for which we believe will cooperate with Set-2
and cause a noticeable modification in the mutant lacking that specific gene. Daz-1 is an
RNA-binding protein required for oogenesis. Therefore, silencing Daz-1 will to the
nonappearance of oocytes and sterility. Puf-5 is required for embryonic viability and
oocyte maturation (Kaymak, Wee, & Ryder, 2010). On the other hand, Alg-3 is required
in process of spermiogenesis in which spermatids become mobile ameboid sperm.
Finally, Csr-1 is required for chromosome segregation, and embryonic viability. Embryos
of Csr-1(RNAI1) are mainly inviable, with disordered metaphase chromosomes and

anaphase DNA bridges (Wormbase, 2017).

Materials and Methods

Maintaining C. elegans

Worms are manintained by being kept on agar plates and using 50uL of a E. coli
HT115(DE3) wild-type culture to feed the worms. The agar plates are made by mixing
20g agar, 2.5g peptone, 3g NaCl, and 1 liter of purified water. After mixing the
components together, the solution was then autoclaved and was left to cool on a stirrer to
avoid solidifying. By using 25ml pipette, 25ml of 1M KPO,, ImL of 1M CaCl,, ImL of
1M MgSO,, and ImL of mg/ml cholesterol were added. Generally, 10mL of the media

was needed to be poured for the 6cm plates.

To continue the propagation of worm cultures, the worms are “chunked” when the

plates become overgrown, usually after 2-3 days. To chunk the plates, a metal spatula is

12



heated and cleaned using ethanol, then a square cut is made on the old, overgrown plate.
This cut is then placed on the edge of the E. coli food in the new plate face-down to allow

the worms to easily move in the new plate.

The “picking” process was also used when singling-out one worm from the
progeny was needed. This was done by using a flattened end metal tool, which is

sterilized using ethanol and heat before picking the worms.

Seeding RNA-Binding Proteins

To perform RNA interference, plates containing RNAi “food” for the worms were
created. The food contained of HT115(DE3) E. coli bacteria including the desired
plasmid needed to introduce the interfering RNA. Frozen stocks from the -80 C° of each
desired RNAi food were streaked on LB plates that contained ampicillin and tetracyclin,
and were then incubated overnight to grow colonies. Genes silenced using RNAi
included Daz-1, Puf-5, Alg-3, and Csr-1 in addition to the HT115(DE3) E. coli that acted

as a control by not silencing any genes.

To prepare bacterial culture for the RNA-binding proteins colonies, 2mL of LB
broth, 100pg/mL of ampicillin, and 12.5pg/mL of tetracyclin were sued. A colony of the
anticipated RNA-binding protein was picked from a plate and added to the culture. The
culture was shaken at 37 C° overnight. S00uL of this culture was then added to an
Erlenmeyer flask containing S0mL of LB broth, S0uL of ampicillin and 250uL of

tetracyclin. The cultures were left in the shaker at 37 C° until the OD595 of the samples

1R



reached 0.4. IPTG was then added to the cultures to 0.4mM, and the cultures were again
shaken for four hours. An additional 100pg/mL of ampicillin and 12.5ug/mL of

tetracyclin were added.

50uL of the culture was seeded onto a worm plate. These plates were made by
combining 20g agar, 3g NaCl, 2.5g peptone, and 1 liter of purified water. This solution
was mixed then autoclaved, and 1 mL of 1M MgSQy,, 25 mL of 1 M KPOy, and 1 mL of
5 mg/mL cholesterol were added. 4mL of the mixture was poured into each 3.5cm plate
and left to dry. After the plates dried, the RNAi food was seeded onto each plate, and left

to dry overnight before use.

Bleaching

Before seeding worms on a plate containing RNAi food, the worm plates were
bleached to kill off all adult worms and plate only eggs on the new plates. The bleach
only dissolves the worm body, leaving their eggs undamaged. Plates were chunked and
allowed to grow for approximately 72 hours, or until a significant number of eggs had
been laid on the plate. A mixture of 1mL bleach and 250uL of 5M NaCl was added to a
1.5mL Eppendorf tube and vortexed. 3mL of filtered, pure water were added to the plates
to loosen the eggs and worms from the plates, and the water containing the worms and
eggs was added to a 15mL falcon tube. The bleach mixture was added to the falcon tube
containing the worms and eggs, and the tube was vortexed and incubated at room
temperature for 7 minutes. The tube was then centrifuged at 1100xg for 1 minute at 4°C,

and all the supernatant was vacuumed off leaving on 1mL. Filtered, pure water was
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added to the tube up to 6mL, and the tube was vortexed and spun again using the same
settings as the first spin. The supernatant was vacuumed off as much as possible without
disturbing the pellet, and the resulting mixture was pipetted several times to mix. 20-30
eggs were deposited onto each plate containing the desired RNAi food and the plates
were incubated at 25°C for approximately 48 hours to allow the worms to grow and

develop a germline.

Worm Imaging

After 48 hours, worms that had reached the young adult stage were imaged. 10-15
worms were picked off the plates using the picking technique and placed onto a slide
containing 2% agar and 10 pL levamisole to immobilize the worms without killing them.
The germlines of the worms were imaged at 40X in order to investigate differences

between the RNAI strains.

Gateway Cloning

This technique was used to generate MosSCI compatible reporter constructs, and
generate transgenic worms using moderate-throuphput injection-based method. Gateway
cloning is a recombinational cloning technology that uses protein expression and cloning
of PCR products by using site-specific recombination enzymes. This technique makes use
of a master clone having a particular gene that can be rapidly transferred to desired
destination vectors. The BP reaction is a site specific recombination reaction between the

B and P sites leading to generation of the master clone. While the LR reaction, which is

18



the main reaction pathway of the Gateway system, consists of a recombination reaction
between a master clone and a destination vector (Thermo Fisher Scientific, 2016). For the

full, detailed protocol, see Appendix 1.

Results and Discussion
The aim of this project was to identify the necessary and sufficient elements to

mediate sperm-specific expression using a strain with a Set-2 3’UTR.

By using the Genome Browser, it was determined that the C. elegans 3°’UTR is
594 base pairs long. Then, 12 mutant plasmids were generated; each plasmid was 544
base pairs. This was done by making 50 nucleotide deletions starting with the first 50 b.p.
then to the next 50 b.p. and so on. The complete 12 plasmid deletions are shown in
Appendix II. Then by following the Gateway Cloning reporter construct protocol,
forward and reverse primers were made for the C. elegans 3’UTR. There were 4 primers
generated, 2 forward (one for the wild-type plasmid and one for the mutant plasmid) and
2 reverse primers (one for the wild-type plasmid and one for the mutant plasmid), shown

in Appendix III.

After receiving both the 12 plasmid mutants and their primers, polymerase chain
reaction (PCR) was run to verify the size of the 12 plasmid mutants to confirm if the
primers are binding correctly. Figure 4 below shows the results of the PCR trials that

WCEre run:

1A



Figure 4: Polymerase chain reaction results for the 12 mutant plasmids

As seen in the figure above, all 12 mutant plasmids had the same expected size of
~544 nucleotide. The next step in the process was to run the BP reaction for all of the 12
mutant plasmids. Samples from the BP reactions were sent for sequencing to check for
any mismatches, deletions or insertions. The results of all 12 plasmids were confirmed
and there were no issues observed. The following step was to perform the LR reaction.
Unfortunately, the LR reaction was not successful. Therefore, it was important to trouble
shoot and investigate each component that went into the reaction and find the factors that

lead to

the un-

SUCCESS

of this
step.

Possibl

reasons
that

were

already investigated were the use of old components and/or possible contamination. After
confirming that was no contamination and using freshly made parts, we are now trying to

use new super competent DH5-a cells instead of regular competent cells. The trouble-

17



shooting process for the constant failure of the LR reaction is still going, and the Gateway

Cloning technique will be resumed once a solution is found for the LR reaction.

RNAi

Another issue that was encountered in this project was the transgene silencing of the
germline in the Set-2 strain. As seen in Figure 5, on the heterozygous, there might be

only one copy of the integration on just one allele, which prevents fluorescence under

GFP.
Homozygous Heterozygous
GFP */* + GFP*/* GFP *- + GFP*-
100% GFP */* | 75% GFP*/ 25% GFP-
Green (1)GFP */*: (2)GFP
*-: (1)GFP 7-
Green
Black

Figure 5: Transgene silencing

18



To overcome this issue, we have singled out 15 worms from a new set-2 strain and

kept singling out worms from each progeny until the 6th generation (Figure 6).

Figure 6: Process of singling out worms and making new progenies to find

flouresing worms

There were about 8/10 worms from plates #4 and #15 that showed fluorescence in the

oocytes and spermatheca. Then, worms were singled out from those two progenies until

nicely fluorescing worms in the 3rd generation were observed.

The princible behind this step is to increase the chance of getting a homozygous

worms that will self-fertilize and have strong transgenes which will allow for the

flourescing under the GFP and eventually being able to continue the RNAi food

screeining.
‘. S?t-z
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Appendix II: 12 Plasmid Mutants

The original DNA sequence:

>ce6 _ct UTRs 9640 range=chrIII:4922371-4922963 5'pad=0
3'pad=30 strand=- repeatMasking=none
TATGATTCGTCTAGTTTTTAAAATTTATATTCCATTCGATCTCTTCTAGTT
TTTTAATATTTTTTATTTATTTAAATTTTCCTATCCAATTCCCAATTCGC
TGGTTCGAAGTTGGAAATTGCTATCTGATAAGAATAGGCCGGTTCCTACT
TTTTTTTTAAATATTGAAAACTGTATCATTGTTATTCATTCTCCTTATGG
TGAGCTGAGAAATCCTTGTATTATTAGTGGAATTCGTTATTGTTGAACAA
TTGTTTGAGTGTATGTTATACGATACAAGCTCCCCTTTTCAACTAGATAC
TTCTACATTTTATCAAATCTCTTGTTTCTCTATAGGTTTACGAATTGTTT
TCTTGGAGGATTTCCTCTACAGTCTCTTGTTTATCTCTCTATACTTGAAC
ATCTCTGAAATCATTCATTTTCCCTTGAACTCTGAACAATTGGTCTTTCC
AAAACAACCTCCCATTCAAGTCTTTATTCATTCGTGTTTAAAGTTAATTT
CAGCTAGTCTGAATAGTTTTATGTTTTAAAAAGTGTTTTATTATGTTCTT
TAAATGAAATAATTTTAAAAGTCATGGTTTTCGTATTTTAAAA

The Mutant DNA Sequences:

Mutated set-2 3UTR (Del: nt 1-50)
TTTTTTAATATTTTTTATTTATTTAAATTTTCCTATCCAATTCCCAATTCGCTGGTTCG
AAGTTGGAAATTGCTATCTGATAAGAATAGGCCGGTTCCTACTTTTTTTTTAAATATTG
AAAACTGTATCATTGTTATTCATTCTCCTTATGGTGAGCTGAGAAATCCTTGTATTATT
AGTGGAATTCGTTATTGTTGAACAATTGTTTGAGTGTATGTTATACGATACAAGCTCCC
CTTTTCAACTAGATACTTCTACATTTTATCAAATCTCTTGTTTCTCTATAGGTTTACGA
ATTGTTTTCTTGGAGGATTTCCTCTACAGTCTCTTGTTTATCTCTCTATACTTGAACAT
CTCTGAAATCATTCATTTTCCCTTGAACTCTGAACAATTGGTCTTTCCAAAACAACCTC
CCATTCAAGTCTTTATTCATTCGTGTTTAAAGTTAATTTCAGCTAGTCTGAATAGTTTT
ATGTTTTAAAAAGTGTTTTATTATGTTCTTTAAATGAAATAATTTTAAAAGTCATGGTT
TTCGTATTTTAAA

Mutated set-2 3UTR (Del: nt 51-100)
TATGATTCGTCTAGTTTTTAAAATTTATATTCCATTCGATCTCTTCTAGGCTGGTTCGA
AGTTGGAAATTGCTATCTGATAAGAATAGGCCGGTTCCTACTTTTTTTTTAAATATTGA
AAACTGTATCATTGTTATTCATTCTCCTTATGGTGAGCTGAGAAATCCTTGTATTATTA
GTGGAATTCGTTATTGTTGAACAATTGTTTGAGTGTATGTTATACGATACAAGCTCCCC
TTTTCAACTAGATACTTCTACATTTTATCAAATCTCTTGTTTCTCTATAGGTTTACGAA
TTGTTTTCTTGGAGGATTTCCTCTACAGTCTCTTGTTTATCTCTCTATACTTGAACATC
TCTGAAATCATTCATTTTCCCTTGAACTCTGAACAATTGGTCTTTCCAAAACAACCTCC
CATTCAAGTCTTTATTCATTCGTGTTTAAAGTTAATTTCAGCTAGTCTGAATAGTTTTA
TGTTTTAAAAAGTGTTTTATTATGTTCTTTAAATGAAATAATTTTAAAAGTCATGGTTT
TCGTATTTTAAA

22



Mutated set-2 3UTR (Del: nt 101-150)
TATGATTCGTCTAGTTTTTAAAATTTATATTCCATTCGATCTCTTCTAGTTTTTTAATA
TTTTTTATTTATTTAAATTTTCCTATCCAATTCCCAATTCCTTTTTTTTTAAATATTGA
AAACTGTATCATTGTTATTCATTCTCCTTATGGTGAGCTGAGAAATCCTTGTATTATTA
GTGGAATTCGTTATTGTTGAACAATTGTTTGAGTGTATGTTATACGATACAAGCTCCCC
TTTTCAACTAGATACTTCTACATTTTATCAAATCTCTTGTTTCTCTATAGGTTTACGAA
TTGTTTTCTTGGAGGATTTCCTCTACAGTCTCTTGTTTATCTCTCTATACTTGAACATC
TCTGAAATCATTCATTTTCCCTTGAACTCTGAACAATTGGTCTTTCCAAAACAACCTCC
CATTCAAGTCTTTATTCATTCGTGTTTAAAGTTAATTTCAGCTAGTCTGAATAGTTTTA
TGTTTTAAAAAGTGTTTTATTATGTTCTTTAAATGAAATAATTTTAAAAGTCATGGTTT
TCGTATTTTAAA

Mutated set-2 3UTR (Del: nt 151-200)
TATGATTCGTCTAGTTTTTAAAATTTATATTCCATTCGATCTCTTCTAGTTTTTTAATA
TTTTTTATTTATTTAAATTTTCCTATCCAATTCCCAATTCGCTGGTTCGAAGTTGGAAA
TTGCTATCTGATAAGAATAGGCCGGTTCCTAGGTGAGCTGAGAAATCCTTGTATTATTA
GTGGAATTCGTTATTGTTGAACAATTGTTTGAGTGTATGTTATACGATACAAGCTCCCC
TTTTCAACTAGATACTTCTACATTTTATCAAATCTCTTGTTTCTCTATAGGTTTACGAA
TTGTTTTCTTGGAGGATTTCCTCTACAGTCTCTTGTTTATCTCTCTATACTTGAACATC
TCTGAAATCATTCATTTTCCCTTGAACTCTGAACAATTGGTCTTTCCAAAACAACCTCC
CATTCAAGTCTTTATTCATTCGTGTTTAAAGTTAATTTCAGCTAGTCTGAATAGTTTTA
TGTTTTAAAAAGTGTTTTATTATGTTCTTTAAATGAAATAATTTTAAAAGTCATGGTTT
TCGTATTTTAAA

Mutated set-2 3UTR (Del: nt 201-250)
TATGATTCGTCTAGTTTTTAAAATTTATATTCCATTCGATCTCTTCTAGTTTTTTAATA
TTTTTTATTTATTTAAATTTTCCTATCCAATTCCCAATTCGCTGGTTCGAAGTTGGAAA
TTGCTATCTGATAAGAATAGGCCGGTTCCTACTTTTTTTTTAAATATTGAAAACTGTAT
CATTGTTATTCATTCTCCTTATAATTGTTTGAGTGTATGTTATACGATACAAGCTCCCC
TTTTCAACTAGATACTTCTACATTTTATCAAATCTCTTGTTTCTCTATAGGTTTACGAA
TTGTTTTCTTGGAGGATTTCCTCTACAGTCTCTTGTTTATCTCTCTATACTTGAACATC
TCTGAAATCATTCATTTTCCCTTGAACTCTGAACAATTGGTCTTTCCAAAACAACCTCC
CATTCAAGTCTTTATTCATTCGTGTTTAAAGTTAATTTCAGCTAGTCTGAATAGTTTTA
TGTTTTAAAAAGTGTTTTATTATGTTCTTTAAATGAAATAATTTTAAAAGTCATGGTTT
TCGTATTTTAAA

Mutated set-2 3UTR (Del: nt 251-300)

TATGATTCGTCTAGTTTTTAAAATTTATATTCCATTCGATCTCTTCTAGTTTTTTAATA
TTTTTTATTTATTTAAATTTTCCTATCCAATTCCCAATTCGCTGGTTCGAAGTTGGAAA
TTGCTATCTGATAAGAATAGGCCGGTTCCTACTTTTTTTTTAAATATTGAAAACTGTAT
CATTGTTATTCATTCTCCTTATGGTGAGCTGAGAAATCCTTGTATTATTAGTGGAATTC
GTTATTGTTGAACACTTCTACATTTTATCAAATCTCTTGTTTCTCTATAGGTTTACGAA
TTGTTTTCTTGGAGGATTTCCTCTACAGTCTCTTGTTTATCTCTCTATACTTGAACATC
TCTGAAATCATTCATTTTCCCTTGAACTCTGAACAATTGGTCTTTCCAAAACAACCTCC
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CATTCAAGTCTTTATTCATTCGTGTTTAAAGTTAATTTCAGCTAGTCTGAATAGTTTTA
TGTTTTAAAAAGTGTTTTATTATGTTCTTTAAATGAAATAATTTTAAAAGTCATGGTTT
TCGTATTTTAAA

Mutated set-2 3UTR (Del: nt 301-350)
TATGATTCGTCTAGTTTTTAAAATTTATATTCCATTCGATCTCTTCTAGTTTTTTAATA
TTTTTTATTTATTTAAATTTTCCTATCCAATTCCCAATTCGCTGGTTCGAAGTTGGAAA
TTGCTATCTGATAAGAATAGGCCGGTTCCTACTTTTTTTTTAAATATTGAAAACTGTAT
CATTGTTATTCATTCTCCTTATGGTGAGCTGAGAAATCCTTGTATTATTAGTGGAATTC
GTTATTGTTGAACAATTGTTTGAGTGTATGTTATACGATACAAGCTCCCCTTTTCAACT
AGATTTTCTTGGAGGATTTCCTCTACAGTCTCTTGTTTATCTCTCTATACTTGAACATC
TCTGAAATCATTCATTTTCCCTTGAACTCTGAACAATTGGTCTTTCCAAAACAACCTCC
CATTCAAGTCTTTATTCATTCGTGTTTAAAGTTAATTTCAGCTAGTCTGAATAGTTTTA
TGTTTTAAAAAGTGTTTTATTATGTTCTTTAAATGAAATAATTTTAAAAGTCATGGTTT
TCGTATTTTAAA

Mutated set-2 3UTR (Del: nt 351-400)
TATGATTCGTCTAGTTTTTAAAATTTATATTCCATTCGATCTCTTCTAGTTTTTTAATA
TTTTTTATTTATTTAAATTTTCCTATCCAATTCCCAATTCGCTGGTTCGAAGTTGGAAA
TTGCTATCTGATAAGAATAGGCCGGTTCCTACTTTTTTTTTAAATATTGAAAACTGTAT
CATTGTTATTCATTCTCCTTATGGTGAGCTGAGAAATCCTTGTATTATTAGTGGAATTC
GTTATTGTTGAACAATTGTTTGAGTGTATGTTATACGATACAAGCTCCCCTTTTCAACT
AGATACTTCTACATTTTATCAAATCTCTTGTTTCTCTATAGGTTTACGAATTGTACATC
TCTGAAATCATTCATTTTCCCTTGAACTCTGAACAATTGGTCTTTCCAAAACAACCTCC
CATTCAAGTCTTTATTCATTCGTGTTTAAAGTTAATTTCAGCTAGTCTGAATAGTTTTA
TGTTTTAAAAAGTGTTTTATTATGTTCTTTAAATGAAATAATTTTAAAAGTCATGGTTT
TCGTATTTTAAA

Mutated set-2 3UTR (Del: nt 401-450)
TATGATTCGTCTAGTTTTTAAAATTTATATTCCATTCGATCTCTTCTAGTTTTTTAATA
TTTTTTATTTATTTAAATTTTCCTATCCAATTCCCAATTCGCTGGTTCGAAGTTGGAAA
TTGCTATCTGATAAGAATAGGCCGGTTCCTACTTTTTTTTTAAATATTGAAAACTGTAT
CATTGTTATTCATTCTCCTTATGGTGAGCTGAGAAATCCTTGTATTATTAGTGGAATTC
GTTATTGTTGAACAATTGTTTGAGTGTATGTTATACGATACAAGCTCCCCTTTTCAACT
AGATACTTCTACATTTTATCAAATCTCTTGTTTCTCTATAGGTTTACGAATTGTTTTCT
TGGAGGATTTCCTCTACAGTCTCTTGTTTATCTCTCTATACTTGACCAAAACAACCTCC
CATTCAAGTCTTTATTCATTCGTGTTTAAAGTTAATTTCAGCTAGTCTGAATAGTTTTA
TGTTTTAAAAAGTGTTTTATTATGTTCTTTAAATGAAATAATTTTAAAAGTCATGGTTT
TCGTATTTTAAA

Mutated set-2 3UTR (Del: nt 451-500)

TATGATTCGTCTAGTTTTTAAAATTTATATTCCATTCGATCTCTTCTAGTTTTTTAATA
TTTTTTATTTATTTAAATTTTCCTATCCAATTCCCAATTCGCTGGTTCGAAGTTGGAAA
TTGCTATCTGATAAGAATAGGCCGGTTCCTACTTTTTTTTTAAATATTGAAAACTGTAT
CATTGTTATTCATTCTCCTTATGGTGAGCTGAGAAATCCTTGTATTATTAGTGGAATTC
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GTTATTGTTGAACAATTGTTTGAGTGTATGTTATACGATACAAGCTCCCCTTTTCAACT
AGATACTTCTACATTTTATCAAATCTCTTGTTTCTCTATAGGTTTACGAATTGTTTTCT
TGGAGGATTTCCTCTACAGTCTCTTGTTTATCTCTCTATACTTGAACATCTCTGAAATC
ATTCATTTTCCCTTGAACTCTGAACAATTGGTCTTTTTCAGCTAGTCTGAATAGTTTTA
TGTTTTAAAAAGTGTTTTATTATGTTCTTTAAATGAAATAATTTTAAAAGTCATGGTTT
TCGTATTTTAAA

Mutated set-2 3UTR (Del: nt 501-550)
TATGATTCGTCTAGTTTTTAAAATTTATATTCCATTCGATCTCTTCTAGTTTTTTAATA
TTTTTTATTTATTTAAATTTTCCTATCCAATTCCCAATTCGCTGGTTCGAAGTTGGAAA
TTGCTATCTGATAAGAATAGGCCGGTTCCTACTTTTTTTTTAAATATTGAAAACTGTAT
CATTGTTATTCATTCTCCTTATGGTGAGCTGAGAAATCCTTGTATTATTAGTGGAATTC
GTTATTGTTGAACAATTGTTTGAGTGTATGTTATACGATACAAGCTCCCCTTTTCAACT
AGATACTTCTACATTTTATCAAATCTCTTGTTTCTCTATAGGTTTACGAATTGTTTTCT
TGGAGGATTTCCTCTACAGTCTCTTGTTTATCTCTCTATACTTGAACATCTCTGAAATC
ATTCATTTTCCCTTGAACTCTGAACAATTGGTCTTTCCAAAACAACCTCCCATTCAAGT
CTTTATTCATTCGTGTTTAAAGTTAATTTTAAATGAAATAATTTTAAAAGTCATGGTTT
TCGTATTTTAAA

Mutated set-2 3UTR (Del: nt 551-594)
TATGATTCGTCTAGTTTTTAAAATTTATATTCCATTCGATCTCTTCTAGTTTTTTAATA
TTTTTTATTTATTTAAATTTTCCTATCCAATTCCCAATTCGCTGGTTCGAAGTTGGAAA
TTGCTATCTGATAAGAATAGGCCGGTTCCTACTTTTTTTTTAAATATTGAAAACTGTAT
CATTGTTATTCATTCTCCTTATGGTGAGCTGAGAAATCCTTGTATTATTAGTGGAATTC
GTTATTGTTGAACAATTGTTTGAGTGTATGTTATACGATACAAGCTCCCCTTTTCAACT
AGATACTTCTACATTTTATCAAATCTCTTGTTTCTCTATAGGTTTACGAATTGTTTTCT
TGGAGGATTTCCTCTACAGTCTCTTGTTTATCTCTCTATACTTGAACATCTCTGAAATC
ATTCATTTTCCCTTGAACTCTGAACAATTGGTCTTTCCAAAACAACCTCCCATTCAAGT
CTTTATTCATTCGTGTTTAAAGTTAATTTCAGCTAGTCTGAATAGTTTTATGTTTTAAA
AAGTGTTTTATTATGTTC

Appendix lll: Primers

5'TATGATTCGTCTAGTTTTTAAAATTTATATTC/CATTCGATCTCTTCTAGTT
TTTTAATATTTTTTATTTATTTAAATTTTCCTATCCAATTCCCAATTCGC
TGGTTCGAAGTTGGAAATTGCTATCTGATAAGAATAGGCCGGTTCCTACT
TTTTTTTTAAATATTGAAAACTGTATCATTGTTATTCATTCTCCTTATGG
TGAGCTGAGAAATCCTTGTATTATTAGTGGAATTCGTTATTGTTGAACAA
TTGTTTGAGTGTATGTTATACGATACAAGCTCCCCTTTTCAACTAGATAC
TTCTACATTTTATCAAATCTCTTGTTTCTCTATAGGTTTACGAATTGTTT
TCTTGGAGGATTTCCTCTACAGTCTCTTGTTTATCTCTCTATACTTGAAC
ATCTCTGAAATCATTCATTTTCCCTTGAACTCTGAACAATTGGTCTTTCC
AAAACAACCTCCCATTCAAGTCTTTATTCATTCGTGTTTAAAGTTAATTT
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CAGCTAGTCTGAATAGTTTTATGTTTTAAAAAGTGTTTTATTATGTTCTT
TAAATGAAATAATTTTAAAAGT/CATGGTTTTCGTATTTTAAAA 3’

Forward Primer:
5"GGGGACAGCTTTCTTGTACAAAGTGGGAATATAAATTTTAAAAACTAGACGAATCAT
A 37

Reverse Primer:
5"GGGGACAACTTTGTATAATAAAGTTGTTTTAAAATACGAAAACCATG 3’

Mutated set-2 3UTR (Del: nt 1-50)
TTTTTTAATATTTTTTATTTATTTAAATTTT/CCTATCCAATTCCCAATTCGCTGGTTC
GAAGTTGGAAATTGCTATCTGATAAGAATAGGCCGGTTCCTACTTTTTTTTTAAATATT
GAAAACTGTATCATTGTTATTCATTCTCCTTATGGTGAGCTGAGAAATCCTTGTATTAT
TAGTGGAATTCGTTATTGTTGAACAATTGTTTGAGTGTATGTTATACGATACAAGCTCC
CCTTTTCAACTAGATACTTCTACATTTTATCAAATCTCTTGTTTCTCTATAGGTTTACG
AATTGTTTTCTTGGAGGATTTCCTCTACAGTCTCTTGTTTATCTCTCTATACTTGAACA
TCTCTGAAATCATTCATTTTCCCTTGAACTCTGAACAATTGGTCTTTCCAAAACAACCT
CCCATTCAAGTCTTTATTCATTCGTGTTTAAAGTTAATTTCAGCTAGTCTGAATAGTTT
TATGTTTTAAAAAGTGTTTTATTATGTTCTTTAAATGAAATAATTTTAAAAGTCATGGT
TTTCGTATTTTAAA

Forward Primer:
5 "GGGGACAGCTTTCTTGTACAAAGTGGAAAATTTAAATAAATAAAAAATATTAAAAAA
3!

Reverse Primer:
5"GGGGACAACTTTGTATAATAAAGTTGTTTTAAAATACGAAAACCATG 3

Mutated set-2 3UTR (Del: nt 551-594)

TATGATTCGTCTAGTTTTTAAAATTTATATTCCATTCGATCTCTTCTAGTTTTTTAATA
TTTTTTATTTATTTAAATTTTCCTATCCAATTCCCAATTCGCTGGTTCGAAGTTGGAAA
TTGCTATCTGATAAGAATAGGCCGGTTCCTACTTTTTTTTTAAATATTGAAAACTGTAT
CATTGTTATTCATTCTCCTTATGGTGAGCTGAGAAATCCTTGTATTATTAGTGGAATTC
GTTATTGTTGAACAATTGTTTGAGTGTATGTTATACGATACAAGCTCCCCTTTTCAACT
AGATACTTCTACATTTTATCAAATCTCTTGTTTCTCTATAGGTTTACGAATTGTTTTCT
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TGGAGGATTTCCTCTACAGTCTCTTGTTTATCTCTCTATACTTGAACATCTCTGAAATC
ATTCATTTTCCCTTGAACTCTGAACAATTGGTCTTTCCAAAACAACCTCCCATTCAAGT
CTTTATTCATTCGTGTTTAAAGTTAATTTCAGCTAGTCTGAATAGTTTTAT/GTTTTAA
AAAGTGTTTTATTATGTTC

Forward Primer:
5"GGGGACAGCTTTCTTGTACAAAGTGGGAATATAAATTTTAAAAACTAGACGAATCAT
A 37

Reverse Primer:
5'"GGGGACAACTTTGTATAATAAAGTTGGAACATAATAAAACACTTTTTAAAAC
3!
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