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Útdráttur 

Bleikjustofnar Þingvallavatns hafa verið mikið rannsakaðir sökum aðgreiningar þeirra 

m.t.t. lögunar, vistfræði og hegðunarmynstra þeirra. Fjórir stofnar eru í vatninu; tveir 

botnlægir stofnar, einn svifætu stofn og sá fjórði er fiskæta. Botnlægu fiskarnir hafa styttri 

trjónu og styttri neðri kjálka meðan hinir tveir stofnarnir hafa lengri trjónu og neðri kjálka 

að svipaðri lengd og sá efri. Í tilraunum með víxlæxlun og stjórn á umhverfi fiskanna, 

hefur verið sýnt fram á að erfðir spila hlutverk í hvortveggja mismun á lögun fiskssins og 

hegðun hans m.t.t. fæðuöflunar. Tjáningarmynstur miRNA er mismunandi milli stofna og 

lagt hefur verið til að það sé drifkraftur í kvíslun stofna. Vitað er að eitt þessara miRNA er 

miR-199a sem m.a. hefur áhrif á beinmyndun. Rannsókn á genatjáningu var framkvæmd 

með hliðsjón af  höfuðkúpu myndun (Ahi et al. 2014) sem greindi frá Ets2, ásamt öðrum 

eftirmyndunarþáttum, sem mögulegum stýrlum þessa gena kerfis. ets2 sýndi einnig öfuga 

tjáningu við miR-199a og mögulegt tengi set á 3’UTR röð sinni fyrir miR-199a bindingu. 

Til þessa að meta hvort að miR-199a hefur tengi set á ets2 og hvort að þau eigi samskipti 

innan frumunnar klónaði ég ets2 3’UTR röðina inn í lúsiferasa klöguskjóðu genaferju. Þar 

að auki hannaði ég neikvæð viðmið með því að framkalla QuikChange stökkbreytingu og 

hóf að undirbua lúsiferasa próf. 

Abstract 

The Arctic charr morphs in Lake Thingvallavatn, Iceland, have been subject to much 

research due to their distinct morphological, ecological and behavioural differences. Four 

morphs reside in the lake; two benthivorous morphs, a planktivorous morph and a 

piscivorous morph. The benthivorous morphs have a short snout and shorter lower jaw 

while the other two morphs have longer snouts and lower jaws close in length to the upper 

jaw. Through experiments with crossbreeding and controlling of the environment of the 

fish, it has been shown that genetics play a role in both the differences in morphology and 

in feeding behaviour. miRNA expression patterns in particular, differ between the morphs 

and this has been suggested to be a potential driving force in the divergence of morphs. 

One of these miRNAs is miR-199a, a known regulator of skeletogenesis. A gene 

expression study focusing on craniofacial development (Ahi et al. 2014) identified Ets2, 

among other transcription factors, as a potential regulator of the gene network. ets2 also 

showed opposite expression patterns to miR-199a and a predicted target site on its 3’UTR 

for miR-199a coupling. To determine whether miR-199a has a target site on ets2 and 

whether they associate in the cell I cloned ets2 3’UTR sequence into a luciferase reporter 

gene vector. Additionally, I created negative controls using QuikChange mutagenesis and 

set out to conduct a luciferase assay. 
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1 Introduction 

In the words of Everman: “There is no other group or family of fishes that supplies better 

materials for the study of the effects of geographic or physiologic isolation, or which 

presents more curious and interesting facts in their life histories than do the various species 

of Salmonidae” (Evermann 1925) 

1.1 The Arctic Charr 

The Salmoninae is a subfamily of salomonids of about 30 species. Salmoninae includes 

seven genera, of which Salmo, Salvelinus and Oncorhynchus are the most studied. 

Salvelinus alpinus or otherwise known as Arctic charr is a freshwater salmonid and is one 

of the northernmost freshwater fish species.  It also displays great diversity in morphology 

and ecology. The smallest mature charr are known to weigh as little as three grams, 

whereas the largest mature charr can become as heavy as 12kg or more. Not only do charr 

morphs vary greatly in size but also in colour, they can exhibit a variety of colours ranging 

from almost colourless to having bright red markings. Both sexes display vibrant colours 

but the males more so than the females. The colour variation is not only found between but 

also within populations demonstrating all shades of red, orange and yellow markings. 

(Klemetsen et al. 2003) 

Arctic charr has a variety of habitats. These include streams, oceans and oligotrophic lakes. 

Oligotrophic lakes being low in dissolved nutrients, high in oxygen and can be very deep. 

The charr has been known to utilize all of the major ecological niches in these lakes and 

the various factors which determine these habitat choices have been extensively studied 

(Jonsson & Jonsson 2001). We see examples of this in feeding niches of different charr 

morphs and their competition for food, their susceptibility to predators and their individual 

life histories and migration patterns. This has been observed in multiple countries in 

Europe e.g. Norway, Sweden, Scotland, Iceland and Greenland to name a few (Klemetsen 

et al. 2003). 

It has been hypothesized that all Northwest-European Arctic charr is descended from a 

single lineage as a result of rapid postglacial recolonization with subsequent restriction of 

gene flow. Evidence has been found for close genetic relationships from within Scottish 

lakes that have common drainage basins and even show interlake genetic structure that 

reflects patterns of recent gene flow. In lakes known to contain phenotypic morphs, 

evidence of the Wahlund effect (reduction of heterozygosity in effect of subpopulations) 

has been observed, suggesting that morphs may separate from each other and that 

polymorphism in this species is not uncommon (Wilson et al. 2004). We often see two 

coexisting morphotypes of charr in lakes, a dwarf and normal charr, which differ mainly in 

size, colour and craniofacial shape. K. Hindar and B. Jonsson (Hindar & Jonsson 1991) did 

a study on charr morphs in Lake Vangsvatnet in western Norway, a dwarf and normal 

charr, to determine whether their differences are largely influenced by genetic or 

environmental factors. The two morphs were bred in captivity and their offspring reared 

under the same conditions and exhibited more similar growth rates than they do in their 

natural habitat. At the same age they varied little in size and matured at a similar rate. 
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However, during the second year of life, growth rates started to reflect what is seen in the 

wild and differences in jaw morphology started to emerge. The morphs were crossbred in 

captivity and their characteristics documented. The results suggested that the ecological 

polymorphism found in Arctic charr is chiefly environmentally determined. The genetic 

variance found to correlate with morphological differences was the growth rate of the fish 

during their second year of life and their jaw morphology (Skúlason et al. 1989).  

A similar observation study was conducted on the various charr morphologies in Icelandic 

lakes (Kapralova et al. 2011) since Iceland is an active volcanic island that provides 

ecologically and physically diverse habitats. The Arctic charr seems to have colonized 

Iceland immediately after the last deglaciation and with the subsequent elevation of 

landmass, many of the Arctic charr populations appear to have become isolated within 

smaller lakes and river systems. Genetic analysis demonstrated restricted gene flow among 

populations in Iceland even though some of them had very similar characteristics. Not only 

did the researchers look at different morphs between lakes but also relations between 

interlake morphotypes, which commonly occur in Icelandic lakes. The most interesting are 

probably the four distinct Arctic charr morphotypes that coexist in Lake Thingvallavatn, 

the largest lake in Iceland, since there is no obvious physical barrier to cause such dramatic 

phenotypic variance and restricted gene flow between the charr morphs. 

1.2 Arctic Charr in Lake Thingvallavatn, Iceland 

The Arctic charr morphs of Thingvallavatn have been categorized into two morphotypes 

according to head morphology, each including two morphs (see Figure 1). The benthic 

morphotypes are comprised of a large and a small benthivorous (LB and SB) morph which 

are distinguished by their overshot mouth and rather large pectoral fins. The pelagic 

morphotypes include the planctivorous and piscivorous (PL and PI respectively) morphs 

characterized by their terminal mouth, shorter lower jaw and smaller pectoral fins.  The 

SB-charr is the smallest of the morphs with an asymptotic length of 133 mm, next is the 

PL-charr at 205 mm then PI-charr at 302 mm and finally LB-charr with an asymptotic 

length of 554 mm making it the largest of the morphs (Snorrason et al. 1994). The SB- and 

LB-charr live in the littoral zone, the shallowest part of the lake. Even so the benthic 

morphotypes separate into microhabitats where the SB-charr prefers to live in the cracks of 

stony sediment and the LB-charr prefers the epibenthic zone. The PI-charr is primarily 

epibenthic and preys on infant charr and three-spined sticklebacks, Gasterosteus aculeatus, 

whilst the PL-charr is both epibenthic and pelagic (in the open water) and feasts on 

crustacean zooplankton and chironomid pupae and larvae (Sandlund et al. 1992). The 

morphs do not only vary greatly in size and habitat but also in life history characteristics 

(mating season and age of maturity), embryology and endoparasitic fauna (Kapralova et al. 

2014).   

As mentioned before the ecological polymorphism found in Arctic charr and its jaw 

morphology was found to correlate with genetic variance. As exhibited in Eiriksson et al. 

(Eiriksson et al. 1999) the skeletal structure of the embryonic SB charr develops faster than 

that of the planctivorous morph. This along with studies on charr development (Kapralova 

et al. 2014) strongly suggests a correlation between skeletal morphology in charr and 

genetic variance or variable genetic expression. In other species of closely related fish such 

as zebrafish and medaka we see a difference in expression of conserved miRNAs that are 

associated with skeletal and cartilage growth. Of these miRNAs, nine are linked to 
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development of the pharyngeal arch (Ason et al. 2006), the area on the underside of the 

head extending to the jaw and supporting the gills.  

 

Figure 1: A lateral view of the Arctic charr morphs of Thingvallavatn and a closer look at their heads to 

the left. From top: Small benthivorous charr (SB), Large benthivorous charr (LB), Planktivorous charr (PL) 

and Piscivorous charr (PI). Notice the differences in jaw shape of the benthic compared to the epibenthic 

charr morphotypes. The size variation of the morphs is also represented in these individuals, their lengths 

being: 11.3 cm (SB), 34.0 cm (LB), 12.5 cm (PL) and 31.5 cm (PI). (Sandlund et al. 1992) 

Since the Arctic charr morphotypes in Lake Thingvallavatn vary greatly in head 

morphology, the divergence in miRNA expression was studied during the development of 

small benthic (SB) charr and charr from an aquaculture stock (AC) (Kapralova et al. 2014). 

In recent years the leading role of miRNAs in embryo and skeletal development has 

become increasingly apparent and therefore the differential miRNA expression is of high 

interest when studying the different morphologies of charr.  
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1.3 miRNA 

microRNA (miRNA) are small non-coding RNAs, approximately 22 nucleotides (nt) long 

and the first miRNAs, lin-4 and let-7, were discovered in 1993 in the nematode C. elegans. 

These short non-coding RNAs were found to govern the timing of development in the 

nematode through imperfect base pairing of the miRNA to the 3’UTRs of target mRNAs or 

miRNA response elements (MRE) to repress their translation. It wasn’t until 7 years later 

that miRNAs were shown to be widespread throughout the entire eukaryotic domain. Since 

then, tremendous advances in technology and understanding of miRNA biology have been 

made (Berezikov 2011) contributing to the discovery of hundreds of miRNA genes through 

computational and experimental methods. The regulatory roles of miRNA have been 

characterised not only in timing of developmental events, but also in cell differentiation, 

proliferation and apoptosis, even in host-pathogen interactions and in tumorigenesis (Cai et 

al. 2009).  

In miRNA biogenesis, precursor molecules called primary miRNAs (pri-miRNAs) are 

either transcribed by RNA pol II from miRNA genes or are encoded by introns of protein-

coding genes (A mirtron). Otherwise it is like any other RNA with a polyA tail and 5’cap 

structure, except for the distinguishing miRNA hairpin loop (Cai et al. 2004). miRNA 

genes can also contain many miRNA sequences which are called clustered miRNAs, once 

again, exactly the same, only they make up several hairpin loops. Intronic miRNA 

sequences, on the other hand, are found within protein-coding sequences. The conventional 

mirtron is spliced during the biogenesis of the protein-coding gene and can either be 

spliced with extreme precision to produce a pre-miRNA (Ruby et al. 2007) or produce an 

imperfect pri-miRNA that has to be trimmed to continue further. Another type of intronic 

miRNA sequence is one that has an alternative transcription site in front of the miRNA 

sequence, these sequences are susceptible to regulation and are therefore of great interest 

(Berezikov 2011).  

This pri-miRNA hairpin structure is a substrate for the enzymes Dicer and Drosha of the 

RNase III family (Krol et al. 2010). First, the hairpin reacts with the Drosha RNase III 

endonuclease, which cleaves both strands at the stem of the loop into an approx. 70 

nucleotide pre-miRNA (Lee et al. 2003). After cleavage, the pre-miRNA hairpin is 

exported to the cytoplasm by Ran-GTP activation of export receptor exportin-5 (Yi et al. 

2003). Once in the cytoplasm, the pre-miRNA is processed by Dicer to produce mature 

miRNA, which is then loaded to the RNA-induced silencing complex (RISC). One of the 

proteins in the RISC complex, Argonaute2 (AGO2) has RNase-H like endonuclease 

activity that cleaves the 3’ end of some pre-miRNAs to create an additional precursor, 

AGO2-cleaved precursor miRNA or ac-pre-miRNA.  

Once the miRNA has matured, it binds to its complementary sequence on the 3’UTR of an 

mRNA along with the RISC complex, upon which it effects the translation of the mRNA. 

The RISC complex represses translation in more than one way; it is thought to inhibit the 

binding of ribosomes to the mRNA strand, by the deadenylation of the polyA tail and 

Ago2 cleavage may assist in removal of the nicked passenger strand from the RISC 

complex after maturation (Diederichs & Haber 2007). 
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Figure 2: An overview of miRNA maturation. (Krol et al. 2010) The interaction between miRNA precursors 

and the proteins altering it to form a fully matured miRNA presented in a schematic manner. The association 

of miRISC and cleavage by AGO2 are also observed. 
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1.4 Regulation of miRNA 

miRNA are themselves subject to gene regulation, not all miRNA genes or miRNA 

containing transcripts are expressed equally in all cell types. For example, miR-1 is 

primarily found in the heart, miR-122 in the liver and miR-223 in macrophages and 

granulocytes of mice. These distinct miRNA expression profiles are a result of 

developmental regulation of cell type specific genes (Berezikov 2011). A few mechanisms 

have been found that may greatly influence the expression of miRNAs such as the multiple 

steps in miRNA biogenesis which, obviously, plays an important role in the maturation of 

miRNAs (Cai et al. 2009). Other factors such as sequence-specific RNA binding proteins 

that bind to double-strand RNA binding domains (dsRBDs) have also been found to 

regulate miRNA. Additional modes of regulation include RNA editing, SNPs and 

methylation (Berezikov 2011).  

As previously mentioned miRNAs bind to MREs of their complementary mRNAs and 

inhibit their translation or induce degradation. Determining and validating the targets for a 

given miRNA has proven to be quite challenging. First of all, the potential miRNA targets 

are narrowed down using computational algorithms, then these predicted targets must be 

tested experimentally. A few factors are to be considered when validating a miRNA target; 

the co-expression and interaction of the mRNA and miRNA, the effects of the miRNA on 

the target molecule and how the miRNA effects biological function. Any one of these 

factors is not enough to confirm an MRE for a designated miRNA, yet all of these factors 

can come together to make a compelling argument for the association of miRNA and their 

MREs (Kuhn et al. 2008).  

It has been assumed that differences in miRNA expression that emerge during 

development could possibly be non-exclusive to specification of cell types but also a 

driving force of adaptive divergence, segregation of morphotypes, evolutionary change and 

eventually speciation. As miRNAs are stabilisers of gene regulation, mutations of miRNAs 

may have less deleterious effects than mutations in genes encoding e.g. transcription 

factors or enzymes. It has been suggested that miRNA played a large part in the evolution 

of metazoans and the Cambrian explosion because of their versatile function and ability to 

stabilise gene expression (Peterson et al. 2009).  

Considering the Arctic charr morphs of Lake Thingvallavatn originated from a very recent 

single lineage it is likely that miRNA expression differences are a contributing factor. A 

study conducted by the Arctic charr group at the University of Iceland compared miRNA 

expression between the SB morph of Lake Thingvallavatn and the Hólar Aquaculture 

stock, which exhibits prominent limnetic features. The study revealed that indeed there is 

significantly different expression of a set of miRNAs during development (Kapralova et al. 

2014). A total of 53 unknown miRNAs showed different expression levels along with 19 

novel miRNAs. The bulk of these miRNAs have been shown to partake in the development 

of other species such as in skeletogenesis, myogenesis and other important processes of 

embryonic development. Of these, the most expressed during the development of AC 

embryos were sal-miR-130, 30, 451, 133, 26 and 199a, while in SB embryos they were sal-

miR-146, 183, 206 and 196a. Since the segregation of northern populations of Arctic charr 

is so recent it is likely that the polymorphisms seen in development are ascended by 

differences in gene regulation rather than protein coding sequences (Kapralova et al. 2014).   
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1.5 Craniofacial Gene Expression in Arctic Charr 

All things considered, our group was prompted to examine the mRNA expression 

differences between the Lake Thingvallavatn arctic charr morphs focusing on their distinct 

craniofacial features. Initially reference genes were selected to detect small differences in 

expression between the arctic charr morphs using quantative real-time PCR (qPCR). Two 

genes, mmp2 and sparc were demonstrated to show significantly higher expression in 

benthic than limnetic morphs (Ahi et al. 2013). In continuation of this study a gene 

network with conserved co-expression was shown to be differentially expressed between 

morphotypes.  

Gene expression patterns from this network further underlined its potential importance in 

directing changes in jaw morphology. Further analysis revealed that the differentially 

expressed genes largely operate in skeletogenesis and organization of the extracellular 

matrix. Motif enrichment analysis of highly conserved noncoding regions near these 

candidate genes, revealed a few transcription factors (TFs), including Ap1 and Ets2, as 

possible regulators of the gene network. Interestingly, Ets2 is differentially expressed 

between benthic and limnetic morphs, showing higher expression in the benthic morphs 

during craniofacial development, as well as showing strong association with the network 

and a coinciding spatiotemporal expression pattern (Ahi et al. 2014). Sparc and mmp2 are 

both known to be directly responsive to glucocorticoid (GC, a class of steroid hormones) 

signalling (Hillegass et al. 2008) and so are several of the genes co-expressed with sparc 

and mmp2 that showed expression differences among benthic and limnetic morphs. In 

numerous vertebrate species GC signalling has enormous effects on craniofacial 

development (Sumarsono et al. 1996). Ets2 is a known modulator of GC activity, is 

overexpressed in humans with Down’s syndrome and  Ets2 overexpression causes 

abnormal facial structures in mice (Sumarsono et al. 1996). For these reasons we are highly 

interested in studying Ets2 further as a potential master regulator of craniofacial 

development in Arctic charr.  

1.6 The Aim of This Study 

In light of the results outlined above, we asked whether any miRNAs might regulate ets2. 

We have previously found the spatiotemporal expression patterns of miR-199a and ets2 to 

be highly similar, while the genes show antiparallel expression levels, and analysis of the 

3’UTR of ets2 revealed a conserved binding site, or MRE, for miR-199a (Skúladóttir 

2014). Therefore, the aim of this study was to determine whether miR-199a can regulate 

ets2 expression via the predicted conserved binding site, and might thus be a key factor in 

promoting morphological differences between the Lake Thingvallavatn charr morphs. The 

specific aims of the project were as follows:  

1. To clone the 3’UTR of ets2 from Arctic charr into a luciferase reporter plasmid. 

2. To generate mutant versions of the MRE via QuikChange mutagenesis of the 

reporter plasmid. 

3. To transfect cultured cells with normal and mutant reporter plasmids, with or without 

a miR-199a-3p mimic and determine the effect on the ets2 3’UTR by measuring 

luciferase activity. 
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2 Materials and Methods 

2.1 Amplification of ets2 mRNA  

I used genomic DNA from charr to amplify most of the ets2 3’UTR by PCR, using the 

following primers:  

Forward: Ets2-3pUTR_F_ed: 5’- cgtctcaagcttactgATGGTACAGGCCACCTGA -3’ 

(AC23-1) 

Reverse: Ets2-3pUTR_rev: 5’- cccgactctagaacgAGCAAACAGCACAGCATG -3’  

(AC23-2) 

Where the capital letters in the sequence signify those overlapping with ets2, whilst the 

lower case letters overlap with sequences flanking the intended insertion site in pIS0 so 

that our PCR product can later be used for Gibson Assembly® (see Figure 3 and Figure 9 

in Appendix).  

At first I tried to amplify ets2 from cDNA using PCR materials I had at hand. I tried 

several different annealing and denaturing temperatures and both taq and phusion 

polymerase with their corresponding buffers. For some reason I didn’t receive any PCR 

product despite numerous attempts. So I resorted to amplifying ets2 from genomic DNA.  

The PCR was set up as follows using the Hot Start Mix RTG 25µl reaction (from 

IllustraTM) and I used a denaturing temperature of 94°C, an annealing temperature of 55°C 

and an extension temperature of 72°C:  

 

After amplifying the ets2 3’UTR from genomic charr DNA it was mixed with a 6x DNA 

loading buffer and run on an 0.8% agarose gel along with a 100bp NEB ladder and viewed 

under a UV light (see Figure 6). The ets2 3’UTR at the length of approx. 1100 bp was then 

cut out of the gel using a sharp blade. Subsequently it was extracted from the gel using the 

Gel Extraction NucleoSpin® Extract II (Machery-Nagel GmbH & Co. KG) and its 

nucleotide concentration measured via NanoDrop ND-1000 UV/Vis-Spectrophotometer 

(NanoDrop Technologies). 
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2.2 Gibson Assembly Cloning 

 

 

Figure 3: A schematic image of the pIS0 plasmid containing the ets2 3’UTR segment on the right showing 

where the primers overlap the ets2-3’UTR and NheI restriction site.   

After having amplified and isolated the ets2 3’UTR I cloned it into a pIS0 plasmid vector 

(Addgene plasmid #12178) (see Appendix Figure 9) (Yekta et al. 2004) using a Gibson 

Assembly® assay, creating a fully assembled double stranded DNA product in a single 

reaction (Gibson et al. 2009). The pIS0 plasmid vector is designed for testing expression at 

the translational level using firefly luciferase as a reporter. (Luciferase is a protein 

naturally produced by fireflies, giving them their distinctive glow). The vector also 

contains ampicillin resistance and is typically cultivated in DH5α E. coli cultures at 37°C. 

We used the Gibson Assembly® kit from New England Biolabs Inc. (NEB #E2611) and 

digested the plasmid with an NheI restriction enzyme (NEB #R0131) and CutSmart® 

buffer (NEB) to make an opening for introducing the new gene. Take note that the primers 

Ets2-3pUTR Fwd/Rev were designed to overlap with sequenced flanking the NheI site. In 

a single reaction containing the open plasmid, ets2 3’UTR PCR product and the Gibson 

Assembly® Master mix, I incorporated the ets2 3’UTR into the pIS0 plasmid. This is 

achieved using DNA polymerase, ligase and a 5’ exonuclease, which all are included in the 

master mix. The reaction starts of with the 5’ exonuclease “nibbling” at the 5’ ends of any 

double stranded DNAs in the reaction. Subsequently the mixture is incubated at 50°C 

thereby ceasing the activity of the 5’ exonuclease and activing the DNA polymerase and 

ligase, hence completing the assembly of the final product. (see Figure 4) 
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Figure 4: Graphic overview of the Gibson Assembly method. (www.neb.com) 

After assembling our product, it was transformed into competent One Shot® TOP10 E. 

coli cells (See Transformation of E. coli). I then conducted colony PCR to screen for 

positive colonies using a primer located within the ets2 3’UTR:  

EBV_rev seq: 5’- GTGGTTTGTCCAAACTCATC -3’ (AC23-3) 

3 µl of a single colony dissolved in 10 µl of H2O (Milli Q) 

0.2 µl of dNTP 

0.5 µl of AC23-1 (section 2.2) 

0.5 µl of AC23-3 

1 µl of 10x HOTSTAR taq buffer 

0.3 µl of Taq pol HOTSTAR 

4.5 µl of H2O (Milli Q®) 

Using the following thermocycling program: 
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The PCR product was then loaded with a 6x loading buffer on a 0.8% agarose gel (see 

Figure 7). Positive colonies were then grown over night in liquid culture. After harvesting 

the bacteria, the DNA was extracted using a miniprep, NucleoSpin® Plasmid (Machery-

Nagel GmbH & Co. KG) and to determine the extraction yield a NanoDrop 

spectrophotometer was used. To further verify that the cloning was successful the DNA 

was cut using XbaI and NcoI which cut the transformed plasmid at different lengths from 

the original pIS0 plasmid. After making sure that our assembly had been effective we sent 

our samples off to be sequenced (SeqLab in Göttingen, Germany, subsidiary of Microsynth 

AG). 

2.3 Transformation of E. coli 

One Shot® TOP10 (InvitrogenTM #C4040-10) was the strain primarily used for 

transformation in the study since the strain is very efficient when used for chemical 

transformation. The DNA of interest was added to the cells on ice for 30 minutes, then heat 

shocked at 42°C for 45 seconds, after which they were added to a SOC medium 

(InvitrogenTM) and shaken vigorously at 37°C for 1 hour. Finally, the cells were spread on 

Luria broth (LB) and ampicillin (Amp) agar plates and incubated at 37°C for 12-24 hours. 

When the cells had formed individual colonies they would then be swabbed and added to a 

14 ml falcon tube containing approx. 10 ml of LB+Amp mix and a single colony. Several 

colonies would be prepared in such a manner and incubated further at 37°C under rotation 

for another 12-24 hours.  

2.4 QuikChange and designing primers 

To generate a negative control for Luciferase assays, I designed primers for QuikChange 

mutagenesis of the pIS0-ets2-3’UTR pets2C3 plasmid.  

Since I was testing whether or not miR-199a binds to the ets2 3’UTR I created primers that 

would overlap the sequence on either side of the seed region but contain mutations so that 

miR-199a is no longer able to bind to the new product. The seed region being the region 

where miR-199a is predicted to bind to the 3’UTR. I also designed the primers to include a 

new BamHI restriction site to make them easily detectable via digestion. For the best 

results it is recommended to have a primer length of 25 – 45 nucleotides and a melting 

temperature of ≥ 78°C. If the primers are too long they might create secondary structures 

and interfere with the reaction, yet the primers should have approx. 10 – 15 nucleotides of 

the correct sequence on each side to allow binding to the template. The primers where 

designed using the ApE (A plasmid Editor) software and manufactured by Microsynth AG.  
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Figure 5: QuikChange primers. Lowercase letters show BamHI restriction sites and dashes (-) indicate 

where nucleotides have been removed. 

The QuikChange reaction was conducted in a thermocycler using a PfuTurbo high fidelity 

polymerase (Agilent Technologies) and the primers containing the altered seed sequence 

(figure). PfuTurbo HF polymerase does not have 3’-5’ exonuclease activity and therefore 

does not correct the mismatched bases in the primers. Subsequently the product is digested 

using the DpnI restriction enzyme (New England Biolabs Inc.) which digests methylated 

DNA (the parental, non-mutated DNA). After acquiring what is assumed to be our 

complete mutated product it is transformed into One Shot® TOP10 cells (InvitrogenTM 

#C4040-10), harvested and extracted with a miniprep, NucleoSpin® Plasmid kit (Machery-

Nagel GmbH & Co. KG). Finally, the product was digested with BamHI and run on a 0.8% 

agarose gel to identify whether the QuikChange point mutation has been successful.  

2.5 Cell culture 

To perform a luciferase test we need a suitable cell culture for transfecting our plasmid 

into. As Arctic charr cells have proven hard to culture, we used a Chinook salmon 

(Oncorhynchus tshawytscha) embryonic cell line called CHSE 214. The cells were grown 

in MEM with GlutaMAX™ supplement (Gibco™), supplemented with 10% Fetal Bovine 

Serum (FBS) (Gibco™), 1% Non-Essential Amino Acids (NEEA) (Gibco™), 1% Sodium 

Bicarbonate (Gibco™) and a 0,5% Penicillin-Streptomycin antibiotic mixture. The cells 

were cultured at 20°C in closed T25 flasks, causing the cell environment to have rather 

scarce oxygen recourses, ergo the supplementation with Sodium Bicarbonate. 

To detach the cells from the flask the medium was sucked off and then the cells where 

washed with a trypsine mixture (10x trypsine/EDTA solution in PBS) to detach the cells. A 

bit of medium was then added to pipette the cells carefully up and down to detach as much 

of the cells as possible. This cell mixture was then transferred to a 15 ml falcon tube and 

filled up with PBS. The falcon tube was centrifuged at a low speed (approx. 1,100g) for 10 

minutes. The liquid was then removed and the cell pellet dissolved in 1 ml of medium for 

each flask. This step is performed to minimize the amount of trypsine in the culture flask 

as to allow the cells to adhere better to the surface. T25 flasks were used with additional 6 

ml of medium were grown with a sealed cap in a cell incubator at 20°C. The CHSE 214 

cells were split every 1-2 weeks, depending on their confluency, preferably at about 70-

80% confluency.  
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2.6 Transfection of embryonic salmon cells 

To identify which transfection reagents and transfection concentrations where optimal for 

our embryo cells a series of tests of different reagents where performed. 5 reagents where 

tested; Lipofectin (Invitrogen), Turbofect (Thermo Scientific), Lipofectamine RNAi 

(Thermo Scientific), Fugene (Thermo Scientific) and Viafect (Thermo Scientific). Each 

reagent had different protocols and different suggestions from their respective 

manufacturers of the optimum cell density for their transfection product. These tests were 

conducted in a single 96-Well ELISA Plate (See Table 1) and tested the ability of the 

reagents to transfect. We used the pLVTHM plasmid (Addgene plasmid # 12247) which 

codes for a green fluorescent protein (GFP). GFP has an excitation value of 395nm 

(Wiznerowicz & Trono 2003).  

 

Table 1: Transfection of pLVTHM into CHSE 214 cells using different reagents. The top row and left-most 

representing wells on the plate. Within the table are five small tables, one for each transfection reagent being 

tested, demonstrated with thick borders and bold lettering of the reagent name. On the left-most column 

within each thick bordered box the amount of DNA (pLVTHM) used is indicated either by weight or weight 

relative to the amount of reagent complex used. On the bottom of the table is a colour code for the length of 

time the reagents were left on the wells before substituting it with the conventional cell medium. 

  1 2 3 4 5 6 7 8 9 10 11 12 

  Lipofectin  Lipofectamin RNAi  Viafect  Fugene 

 DNA 0,5 µl 0,125 µl 0,0375 µl DNA 0,5 µl 0,3 µl DNA 5 µl 10 µl DNA 2 µl 10 µl 

A 30 ng A1 A2 A3 50 ng A5 A6 6:1 A8 A9 4:1 A11 A12 

B 60 ng B1 B2 B3 100 ng B5 B6 3:1 B8 B9 3:1 B11 B12 

C 30 ng C1 C2 C3 50 ng C5 C6 1,5:1 C8 C9 2:1 C11 C12 

D 60 ng D1 D2 D3 100 ng D5 D6 6:1 D8 D9 4:1 D11 D12 

E 100 ng E1 E2     3:1 E8 E9 3:1 E11 E12 

F 200 ng F1 F2     1,5:1 F8 F9 2:1 F11 F12 

G 100 ng G1 G2           

H 200 ng H1 H2   
Reagent removed after 5-12 

hrs 
     

 DNA 0,6 µl 0,4 µl   Reagent removed after 24 hrs      

  Turbofect   Reagent left on      
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The Lipofectin reagent was the first to be transfected because it requires a lower 

confluency of the cells (40-60%). The cells were grown in serum an antibiotic free medium 

in order not to interfere with the transfection. The Lipofectin reagent was then diluted in 

serum free medium to three different dilutions and sit at RT for 30-45 minutes.  

The recommended adherence of the cells was 60 - 80% confluency for the Lipofectamine 

RNAi reagent and DNA and reagents were mixed with cell medium in quantities according 

to Table 1. Half of the wells had the reagent solution removed and replaced with normal 

cell medium after 24 hrs. The transfection using Turbofect reagent was very similar to that 

of the Lipofectamine RNAi regent only the Turbofect reagent requires the cells to be at a 

confluency of 70 - 90%. In addition, the DNA, reagent and cell medium mixture was left at 

RT for 15-20 minutes before adding it to the cells.   

The transfection using Viafect and Fugene reagents differs from the previous methods as 

the amount of reagent added to the wells is relative to the amount of DNA. The Viafect 

complex contains 39 µl medium and 1 µl DNA (200ng) making a total of 40 µl. Then 

Viafect is added to the mix in varying ratios to the amount of DNA. The complexes are 

kept at RT for 5 – 20 minutes before adding either 5 µl or 10 µl of the solution to the cells. 

The cells are preferably at 75% confluency and are already in about 100µl of antibiotic free 

medium. The requirements for the transfection for Fugene are slightly different, the Fugene 

complex contains 29.30 µl medium and 0.70 µl DNA (140 ng) making a total of 30 µl. 

Then the Fugene reagent is added to the mix in varying ratios to the amount of DNA. As 

before the complexes are stored at RT for about 15 minutes before adding them to the 

cells. The complex is then added to the cells which are at 80% confluency and as 

previously the cells are already in 100 µl of medium. As seen in Table 1 the reagents are 

subsequently removed after 24 hrs for some of the cells whilst for the others the reagent 

complex remains. 

After transfection of the cell they were viewed under a microscope with a light source of 

an approx. wavelength of 395nm to view the excitation of any GFP that would have been 

produced as a result of successful transfection. The cells were examined 24 hrs after the 

transfection and again after 48 hrs.  

2.7 RNA isolation for qPCR 

In order to get a snapshot of baseline miR-199a and ets2 expression in CHSE 214 cells, 

RNA was isolated for real-time quantitative PCR (qPCR). The RNA isolation was 

conducted following standard procedure using the TRIReagent® RNA Isolation Reagent 

(Sigma Aldrich #T9424). Other materials used where chloroform (0.2 ml per ml 

TRIReagent®, isopropanol (0.5 ml per ml TRIReagent®, 75% ethanol (1 ml per ml 

TRIReagent) and RNase free water. 

Medium was removed from CHSE 214 cells in culture and the TRIReagent solution added 

(1 ml for a 25cm2 flask) and the cells detached from the surface. Once all of the cells had 

detached they were transferred into a 1.5 ml Eppendorf tube, chloroform was added and 

vortexed. After the cells had been allowed to lyze for a while, the tube was spun down in a 

cooled centrifuge at 12 000 g for 18 minutes at 4°C. The clear phase was transferred into 

another tube for further isolation of the RNA whilst the original tube was set aside for 

DNA and protein isolation. 
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Subsequently RNA was precipitated from the tube containing the clear solution by addition 

of isopropanol and gently mixing the solution. After approx. 10 minutes the tube was then 

centrifuged at 12 000 g for 12 minutes at 4-25°C. The fluid in the tube was discarded but 

the condensed material was dissolved in 75% ethanol and centrifuged gently at 7 500 g for 

5 minutes. Again the liquid was removed and the tube centrifuged shortly. The remainder 

of liquid in the tube was removed using a small pipette tip, after which the tube was left to 

dry before dissolving the pellet in RNase free water.  
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3 Results 

We designed a vector-based reporter gene system which contained the charr ets2 3’UTR 

sequence downstream of the luciferase reporter gene. The plasmid was constructed by 

amplifying ets2 mRNA from charr genomic DNA with PCR. This design is therefore ideal 

for testing protein production when our protein coding gene of interest is placed 

downstream of the luciferase reporter gene. This was to replicate the natural state of the 

sequence at the 3’ end of the charr gene. First we amplified the ets2 3’UTR sequence from 

genomic charr DNA using primers AC23-1 and AC23-2 for PCR. After the isolation of our 

desired ets2 sequence it was cloned into the pIS0 plasmid using Gibson Assembly to create 

a new plasmid named pets2. The cloned exonic ets2 was then sent for DNA sequencing 

and compared with the original ets2 gene in charr.  

Subsequently we proceeded to design primers for QuikChange single site directed 

mutagenesis in order to create a negative control for eventual luciferase testing. CHSE214 

embryonic salmon cells were cultured for transfection and finally we tested their 

transfectability for several reagents using a pLVTHM GFP reporter plasmid. 

3.1 pIS0 Vector and Amplification of ets2 mRNA 

We designed a vector-based reporter gene system using pIS0 (Addgene plasmid #12178)  

(see Appendix, Figure 9) (Yekta et al. 2004) as our template and cloned a charr ets2 

3’UTR sequence downstream of the luciferase reporter gene. This vector is designed for 

testing expression at the translational level using firefly luciferase as a reporter. (Luciferase 

is a protein naturally produced by fireflies, giving them their distinctive glow). This design 

is therefore ideal for testing protein production when our protein coding gene of interest is 

placed downstream of the luciferase reporter gene. After the amplification of ets2 mRNA 

using PCR it was cut out of the gel and extracted at the correct length of approx. 1100 bp.  

 

Figure 6: ets2 mRNA Amplified. The 100 bp NEB ladder is on the far-left. Two identical ets2 amplification 

PCR products on the right, both of which were extracted from the gel. 
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3.2 Gibson Assembly 

After amplifying and isolating the ets2 mRNA product we conducted Gibson Assembly 

Assay to incorporate the mRNA sequence into the pIS0 plasmid (see Figure 4 and 

appendix, Figure 10). 

 

Figure 7: Gibson Assembly product. 1 Kb NEB ladder on the far-left. Colony PCR of the Gibson Assembly 

product using a primer on ets2 and another on the pIS0 plasmid (see Appendix). According to the position of 

the primers these are roughly the predicted lengths of fragments produced if the Gibson Assembly had been 

successful. There is no control on this gel, considering, this is only an indicator of the Gibson Assembly 

producing positive results. 

After receiving the promising results depicted in Figure 7 we proceeded by culturing the 

transformed cells from samples 1 (pets2C1) and 3 (pets2C3) and harvesting their DNA 

with a miniprep. To validate that the ets2 fragment had successfully been cloned into the 

pIS0 plasmid the samples where digested with XbaI and NcoI digestion enzymes (see 

Materials and Methods).  
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Figure 8: Digestion of mutated plasmid after miniprep. 1 Kb NEB ladder is on the far-left. On the far right, 

a digestion of the original, pIS0 plasmid is visible, albeit the concentration of the plasmid was very low. The 

middle two are digestions of the pets2C1 and pets2C3 cloned plasmids. 

For positive pets2 plasmids, the predicted fragment sizes were were 2977 bp and 3568 bp 

upon XbaI and NcoI digestion but the empty pIS0 plasmid should yield 1693 bp and 3568 

bp fragments. According to the plasmid maps in the appendix, both clones were positive 

for the ets2 insertion. 

3.3 Sequencing  

The cloned plasmids pets2C1 and pets2C3 were sent for nucleotide sequencing (SeqLab in 

Göttingen, Germany, subsidiary of Microsynth AG). This was to confirm whether the 

entire ets2 3’UTR segment had been successfully cloned and whether the clones contained 

any mutations or major deviations from the original nucleotide sequence.  

The length of the 3’UTR of the ets2 gene is approximately 1503 nucleotides long but the 

distance between our forward and reverse primers is 1285 nt long. Upon receiving the 

genomic sequence of pets2 we determined that the insertion was indeed 1285 nt long. The 

1503 nt row of the Salvelinus alpinus ets2 3’UTR and the 1285 nt insertion of the pets2 

plasmid where aligned using the alignment software on the ncbi website (see Appendix, 

Figure 11) No deviations from the original sequence were found. 

3.4 QuikChange 

In order to create a negative control for Luciferase transfection we decided to use 

QuikChange site directed point mutagenesis. This entailed designing primers that overlap 

with the seed region of the ets2 3’UTR with imperfect binding and containing a mutation 

so that miRNA-199a would not be able to bind the seed region (see Materials and 

Methods).  

Unfortunately, no colonies formed after transformation of the mutated plasmids into E. coli 

cells and I could not continue further due to time restrictions. 



34 

3.5 Testing Transfection Efficiency in CHSE 214 

cells 

CHSE 214 cells were cultured to use as carriers for the luciferase reporter plasmid. The 

RNA of these cells were isolated for qPCR RNA profile analysis at a later date due to time 

limitations. Yet, 5 different transfection reagents were tested (see Materials and Methods 

and Table 1) in order to optimize transfection efficiency in CHSE 214 embryonic salmon 

cells. The ELISA plate was inspected 12 and 24 hrs after transfection in a fluorescence 

microscope to observe whether any of the pLVTHM plasmid had been successfully 

transfected. Unfortunately, no fluorescence was visible in any of the wells and no 

observable fluorescence difference was between empty wells and those with cell culture.  
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4 Discussion 

miRNAs are a relatively newly discovered phenomenon which has been revealed to be a 

key regulator of gene expression at the post-transcriptional level in the last decade. They 

primarily do so by pairing to the 3’UTR of mRNAs and inhibit their transcription 

(Berezikov 2011). Verification of 3’UTR mRNA target sites is done either by 

experimentation or computational methods as was done in this case. Verifying target sites 

of miRNA using computational methods is useful but is not enough on its own and must be 

tested using an experimental approach as well (Bartel 2009). So we set out to do a 

luciferase test for ets2 and miR-199a but this project took a lot more time than initially 

expected. Despite time restraints and difficulties with salmonid cell culture, I managed to 

design a vector plasmid and determine a plan of action in continuation of this project.  

4.1 ets2 mRNA isolation and Gibson Assembly 

The amplification of ets2 mRNA using primers and PCR proved more challenging than 

expected. In most part due to finding a decent material to copy it from. Using cDNA from 

charr as a template didn’t work as expected even though it seemed to be the ideal template, 

perhaps the cDNA used had been subject to degradation or damaged in some way. I then 

proceeded to look at other options, one of them being to use gDNA as a template. When 

examining the ets2 gene sequence in comparison to the mRNA it seemed to correspond 

well enough and didn’t contain any large introns so we proceeded to amplify the ets2 

mRNA using gDNA.  

A lot of the delays were caused by ampicillin degradation in the LB agar that I was using 

to transform cells. Of course without ampicillin there was no isolation of successfully 

transfected cells. A probable cause for this degradation was likely an unfavourable pH 

level or salt concentration in the solution.   

4.2 QuikChange 

No colonies formed after the transformation of the QuikChange product. Due to time 

restraints and lack of additional reagents the method was not repeated. Since this was my 

first time performing such a procedure it very well might have been a manual fault.  

4.3 Cell culture and transfection 

The CHSE 214 cells where easy to work with and quite hardy. This however was at the 

cost of their transfectability. None of our transfection tests showed even the slightest 

indication of GFP fluorescence and when we took a closer look at the characteristics of 

these cells it became apparent that they were not ideal for transfection. We highly 

recommend using a different cell line for transfection, preferably a charr embryo cell line 

or from another closely related species. Observing the association of miR-119a and ets2 

mRNA in charr embryo cells would be most representative of in vivo research, gill cells of 

Thingvallavatn charr could be cultured for transfection as they would be rather easily 
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obtained. These of course could be quite difficult to work with so, alternatively, a stable 

and well-defined human embryo cell line could be engineered to express miR-199a and 

observe its association with ets2 mRNA, using the cells as a kind of test tube to observe the 

interaction.    

4.4 qPCR and RNA isolation 

We have already isolated RNA from CHSE 214 cells for qPCR but since they were not 

ideal for transfection this should be repeated for any other cell line that were to be used for 

such purposes in the future. If a luciferase test is to be conducted on miR-199a and ets2 

3’UTR association a qPCR analysis of the cell line used is needed. It is important to 

identify whether the cell line expresses miR-199a or not because preferably we would want 

to observe the fluorescence of the cells both with and without miR-199a. This is easily 

accomplished using a miR-199a mimic in cells that don’t translate it themselves.   

4.5 Conclusion 

At the beginning of this study I wanted to validate whether ets2 3’UTR has a target site for 

miR-199a in Arctic charr. However, as discussed above, due to time restraints and 

unavoidable misfortunes we did not succeed in doing so. Nevertheless, we managed to lay 

down the ground work for further research on this matter by engineering a model plasmid 

and designing prospective primers so that this work may be continued. If miR-199a does 

bind to the target site on ets2 then it validates the calculations of Ahi that miR-199a is a 

potential master regulator of this network (Ahi et al. 2014). 

Moreover, it will provide evidence for existing theories of miRNAs playing a major role in 

diversification and equipping organisms with a powerful tool to adapt to their 

environments through natural selection without drastically changing gene sequences but 

instead the levels of which they are expressed. Certainly more research has to be done on a 

multitude of other associations of miRNAs and mRNAs to make such bold claims but in 

the last few years a lot of research has supported this theory. From an evolutionary stand 

point this information can help us better understand how such incredible diversity came to 

be. In order to obtain the answers as to how and why such a system emerged, detailed 

dissection of gene-regulatory networks at all stages is necessary (Berezikov 2011).  
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Appendix 

 

Figure 9: A map of the pIS0 reporter plasmid. 
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Figure 10: A map of the pets2 cloned plasmid and its main properties labeled. 
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Alignment statistics for match, Query: ets2 Salelinus alpinus,  Subject: pets2 insertion  

Score Expect Identities Gaps Strand 

2374 bits(1285) 0.0 1285/1285(100%) 0/1285(0%) Plus/Plus 

Query  1     ATGGTACAGGCCACCTGAAGGTCATTTCTGGTCATTAAACAGGTGGCACTGAGTGATGTC  60 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  1     ATGGTACAGGCCACCTGAAGGTCATTTCTGGTCATTAAACAGGTGGCACTGAGTGATGTC  60 

 

Query  61    CACTGACAGTCGCTACACTGGTGGACAGACAGCGAACATCTCTAATTTGGAGAAGCAGCT  120 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  61    CACTGACAGTCGCTACACTGGTGGACAGACAGCGAACATCTCTAATTTGGAGAAGCAGCT  120 

 

Query  121   CATGTCTCGGCTCTTGTGCCATCAATGTGCATTGTTGTGCAAGCTTTGGTTGAGAGGGGT  180 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  121   CATGTCTCGGCTCTTGTGCCATCAATGTGCATTGTTGTGCAAGCTTTGGTTGAGAGGGGT  180 

 

Query  181   GCCAGTATTTAAATCAAGCGTTCCCTCTGGGTGAAAGTGTTGTTGTGCAAATTGTAATGG  240 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  181   GCCAGTATTTAAATCAAGCGTTCCCTCTGGGTGAAAGTGTTGTTGTGCAAATTGTAATGG  240 

 

Query  241   ATCAGCTCTGTATCCATCTGCAAAGTGGAAAGCTGTCGATTGCACAGATGATAATTGCGA  300 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  241   ATCAGCTCTGTATCCATCTGCAAAGTGGAAAGCTGTCGATTGCACAGATGATAATTGCGA  300 

 

Query  301   TCAATGTAACATAGCAGATTTTTTCATTCAAGCCTGATACTCAGCAAGTGTGGTGTTTAC  360 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  301   TCAATGTAACATAGCAGATTTTTTCATTCAAGCCTGATACTCAGCAAGTGTGGTGTTTAC  360 

 

Query  361   AGAGTCTGAATAATGGACATTTTAACATACTGTGAATGATCTTGGGGTTACCAAATGAGA  420 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  361   AGAGTCTGAATAATGGACATTTTAACATACTGTGAATGATCTTGGGGTTACCAAATGAGA  420 

 

Query  421   ATGCTTTTGAGGTGGCGGCTCCAGCACCATAATTTCGATGGAGAATGTATTCTTGATTTT  480 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  421   ATGCTTTTGAGGTGGCGGCTCCAGCACCATAATTTCGATGGAGAATGTATTCTTGATTTT  480 

 

Query  481   ATGGAATAGCTAAGATTGCCTTTACTGTTGTGCTTACTAATGCATTGTCCTGCTGACCAG  540 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  481   ATGGAATAGCTAAGATTGCCTTTACTGTTGTGCTTACTAATGCATTGTCCTGCTGACCAG  540 

 

Query  541   CTTGCAGCGCAACTGGAATACCAGTCATTGTGGCTATTGCATTTCTCCTCTATCAAAAAG  600 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  541   CTTGCAGCGCAACTGGAATACCAGTCATTGTGGCTATTGCATTTCTCCTCTATCAAAAAG  600 

 

Query  601   GAAATAATTTAATTGTTGTTCTGTAAATATGAATATTTTGTCATGTTTGGTGAGTTATAC  660 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  601   GAAATAATTTAATTGTTGTTCTGTAAATATGAATATTTTGTCATGTTTGGTGAGTTATAC  660 

 

Query  661   ACAATTCACATGTGAATATGGCTTTAAAGGTCGAATGTAACGGTGTAGCAGCTATCATAA  720 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  661   ACAATTCACATGTGAATATGGCTTTAAAGGTCGAATGTAACGGTGTAGCAGCTATCATAA  720 

 

Query  721   TTTATTTTTGTAGCAGGTTTATCAGGGATAAATTTGTGAATTGATTGTTTATTTATTTTT  780 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  721   TTTATTTTTGTAGCAGGTTTATCAGGGATAAATTTGTGAATTGATTGTTTATTTATTTTT  780 

 

Query  781   ATGTGACCAAAGCGACATGTGGATGTACATGGTTTATTCTAAACTATAGTTCCATTTTGT  840 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  781   ATGTGACCAAAGCGACATGTGGATGTACATGGTTTATTCTAAACTATAGTTCCATTTTGT  840 

 

Query  841   TGTATGTTTTTATATTCTATACCAAAGTCCCTGTGTATATATTACATCGGTACTACTGTA  900 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
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Sbjct  841   TGTATGTTTTTATATTCTATACCAAAGTCCCTGTGTATATATTACATCGGTACTACTGTA  900 

 

Query  901   CTTGTTATAAATACGATGAATATTCACTGTGTATTTACTGAAGAAGATAAAGCAGCCTTT  960 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  901   CTTGTTATAAATACGATGAATATTCACTGTGTATTTACTGAAGAAGATAAAGCAGCCTTT  960 

 

Query  961   TTCAAGTTGTTGTACAGATGACAGACACACAAAAATGGCATAATTTTGGCATGGGTACGA  1020 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  961   TTCAAGTTGTTGTACAGATGACAGACACACAAAAATGGCATAATTTTGGCATGGGTACGA  1020 

 

Query  1021  TCTTATTCCTTACTAGCCTATGTGTGTTTATGCTGTTCTCTTAATCATTTTAGTCGTCTT  1080 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  1021  TCTTATTCCTTACTAGCCTATGTGTGTTTATGCTGTTCTCTTAATCATTTTAGTCGTCTT  1080 

 

Query  1081  CTATTAATTGATATTGTATAACACAATGAAAAGTAAGATCATCTTGAGAATTCTGTTGTC  1140 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  1081  CTATTAATTGATATTGTATAACACAATGAAAAGTAAGATCATCTTGAGAATTCTGTTGTC  1140 

 

Query  1141  GAAATCTTAATAATATAGAACATTTTGAACTGACAGGTGAAGCAACAGGGTTATTGTACA  1200 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  1141  GAAATCTTAATAATATAGAACATTTTGAACTGACAGGTGAAGCAACAGGGTTATTGTACA  1200 

 

Query  1201  TTATTTTATAATAGAGTGTTGGTCTTGCTACAACATCCAAGCTCTGAATATATAATTGGC  1260 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  1201  TTATTTTATAATAGAGTGTTGGTCTTGCTACAACATCCAAGCTCTGAATATATAATTGGC  1260 

 

Query  1261  AGCGTGACATGCTGTGCTGTTTGCT  1285 

             ||||||||||||||||||||||||| 

Sbjct  1261  AGCGTGACATGCTGTGCTGTTTGCT  1285 

 

Figure 11: Alignment statistics for cloned ets2 match. The query is the sequence of 3’UTR of ets2 

obtained from Salvelinus alpinus  and the subject is the insertion of the cloned sequence in pets2. The 

alignment is 1285 nt long and is without any deviations.   

 


