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Summary

The aquaculture industry needs to further increase the salmon production to meet the rising
demand for food. However, the industry faces sustainability challenges including diseases. It
is possible that some of these challenges can be overcome by increasing the expression of
immune-related proteins, making a more robust salmon. This may be achieved by modifying
regulatory elements that influence the mRNA stability, using CRISPR technology. To
investigate the effect of regulating mRNA stability, we conducted injection experiments in
zebrafish. Four different experiments were performed including KO of microRNA (miR) and
miR target sites in two immune genes, ifng and mydS88. All injections were performed together
with gRNA targeting slc45a2, used as a marker gene for visual confirmation. KO of the ifng
target site using Cas12 displayed a very high mutation rate. These findings from the zebrafish
experiments can be applied to future studies on salmon, revealing the effect of KO of the ifng
target site in salmon. KO of the myd88 target site using Cas9 was successful, but even if myd88
gRNA was very efficient, showing over 80% mutation rate at target site, the effect could not
be evaluated by qPCR. However, KO of the myd88 target site led to degradation of RNA,
possibly caused by increased level of the Myd88 protein. We also aimed to expand the CRISPR
toolbox for gene editing in salmon by injecting a base editor along with Cas9 to convert a C
into T, inducing a stop codon (TAG) in slc45a2. This conversion was achieved with very high
efficiency, as several samples displayed over 80% correct base conversion. Notably, base
editing has not been previously reported in salmon. The second injection performed in salmon
involved Cas12 KO and KI of an ODN template in slc45a2, resulting in insertion of FLAG
sequence by HDR. MiSeq deep sequencing revealed that both KO and KI were highly efficient
in this study, and this has not been reported before. In conclusion, base editing and Cas12 have
for the first time been demonstrated in salmon and will be important tools for further studies

using gene editing.
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1 Abbreviations

A Adenine

ABE Adenosine Base Editor

BER Base Excision Repair

C Cytosine

Cas9 CRISPR associated protein 9
Casl2 CRISPR associated protein 12
CBE Cytosine Base Editor

cDNA complementary DNA

CRISPR Clustered Regulatory Interspaced Short Palindromic Repeats
crRNA CRISPR RNAs

Ct Cycle threshold

DNA DeoxyriboNucleic Acid

dpf days post fertilization

DSB Double strand break

elfla elongation factor-1 alpha

G Glycosine

gRNA guide RNA

HDR Homology Directed Repair

hpf hours post fertilization

ifng interferon gamma

IMR The Institute of Marine Research
JAK1 Janus Kinase 1

JAK2 Janus Kinase 2

KI Knock In

KO Knock Out

miR micro RNA

mRNA messenger RNA

myd88 myeloid differentiation factor 88
nCas9 nickase Cas9

NC Negative Control

NHEJ Non-Homologous End Joining
NRT Non-Reverse-Transcription control
ODN Oligonucleotide

PAM Protospacer Adjacent Motif



PCR
qPCR
RIN
RNA
RNP
slc45a2
SNR
STAT 1
STAT 2
T

TAE buffer
TALEN
TLR
tracrRNA
tubalc

U

UiB
UTR

WT

ZFN

Polymerase Chain Reaction

quantitative Polymerase Chain Reaction

RNA Integrity Number

RiboNucleic Acid

RiboNucleoProtein

solute carrier family 45 member 2

Single Nucleotide Replacement

Signal Transducer and Activator of Transcription protein 1
Signal Transducer and Activator of Transcription protein 2
Thymine

Tris-Acetate EDTA buffer

Transcription Activator-Like Effector Nucleases

Toll-Like Receptor

trans-activating crispr RNA

tubulin alpha Ic

Uracil

University in Bergen

UnTranslated Region

Wild Type

Zinc Finger Nucleases



2 Introduction

2.1 Aquaculture

In a world where the demand for food is increasing, aquaculture has emerged as a vital part of
the solution. As the need for food increases, so does the urgency for higher protein production.
In this regard, salmon, being among the most important aquaculture species, stands out as a
nutritious source of protein. Aquaculture has been the fastest growing food production sector
over several decades (Garlock et al., 2020), and in 2020 aquaculture stood for 89% of the
seafood made for human consumption (FAO, 2022). Norway is the world's largest producer of
salmon (Iversen et al., 2020), but the industry faces several sustainability challenges, including
lice infestations, escapees and diseases that adversely impact the fish. Overcoming these
challenges becomes imperative to enable increased production in line with the United Nations
sustainable development goals number 14, which calls for the conservation and sustainable use

of the oceans, seas, and marine resources for sustainable development.

2.2 Immune system, welfare and disease

Ensuring sustainable increases in salmon production is crucial to prioritize welfare without
compromising it (Hvas et al., 2021). Given the environmental factors and infection pressure
faced by farmed salmon, a strong immune system becomes essential, as infectious diseases are
the leading cause of mortality in aquaculture (Pettersen et al., 2015). One approach to making
salmon more robust is to increase the expression of immune-related proteins, as the combat
against diseases or the response to them can be influenced by the activity of these genes.
Increasing the expression of immune genes can be achieved by altering regulatory elements

that influence the stability of mRNA.

2.3 CRISPR/Cas 9

Technology for performing gene editing has existed for a long time but falls short compared to
clustered regulatory interspaced short palindromic repeats (CRISPR). There are four families
of nucleases that are used in genome editing: conventional genome-editing techniques,
meganucleases, zinc finger nucleases (ZFN), transcription activator-like effector nucleases
(TALEN) and CRISPR/Cas9 (Gaj et al., 2013; Saber Sichani et al., 2022). CRISPR represents
repeating sequences in prokaryotic DNA originally found in Escherichia coli by Dr. Nakata



(Ishino et al., 1987). This was several decades before CRISPR was developed as a
reprogrammable gene-targeting tool in the bacterial immune system (Adli, 2018). CRISPR
repeating sequences were separated by spacers that are random sequences and not repeating
(Adli, 2018). As observed in the bacterial immune system, the spacers consist of sequences
from phages incorporated when invaded, and synthesized into CRISPR RNA (crRNA).
CRISPR, in conjunction with Cas enzyme, can identify and cleavage the DNA or RNA of the
invader by utilizing sequence obtained from phages (Saber Sichani et al., 2022). This process
involves the binding of crRNA to trans-activating CRISPR RNA (tracrRNA), resulting in
destruction of foreign DNA (Brouns et al., 2008). The CRISPR-Cas system is dependent on
crRNA, which works as a guide to block horizontal DNA transfer from phages (Marraffini &
Sontheimer, 2008).

CRISPR-associated endonuclease 9 (Cas9) protein used in experiments is dependent on guide
RNA (gRNA) for targeting specificity (Pickar-Oliver & Gersbach, 2019). gRNA serves as a
fusion between tracrRNA and crRNA. The Cas9 enzyme needs a protospacer adjacent motif
(PAM) sequence (5'-NGG-3") on the 3" end of the targeting sequence (Saber Sichani et al.,
2022) to bind. gRNA can be designed after the location of the PAM sites and thereafter use the
Cas protein as a cutting tool, 3 base pairs upstream from the PAM, to complete a DNA double
strand break (DSB) (Pickar-Oliver & Gersbach, 2019). After the DSB is done by the
CRISPR/Cas complex, the cell can repair the break by two different pathways. The non-
homologous end joining (NHEJ) pathway, known for its error-prone nature, reconnects DNA
strand by incorporating random nucleotide insertions or deletions. This process has the
potential to induce frameshift mutations or gene knock-out (KO) (Saber Sichani et al., 2022).
Homology-directed repair (HDR) will cause knock-in (KI) by using a template of interest to
introduce a change in the genome, this could be point mutation or longer segment of DNA
(Pickar-Oliver & Gersbach, 2019). CRISPR/Cas9 is currently used to make KO and small K1,
e.g. using both symmetrical oligonucleotides (ODNs) and asymmetrical ODNs in salmon
(Straume et al., 2021). The potential of this technology extends to the creation of sterile fish
(Kleppe et al., 2017; Wargelius et al., 2016), fish resistant to diseases, parasites and other
advantageous traits. These traits include improved feed conversion efficiency, as well as fish
with enhanced levels of desired fatty acids, promoting overall fish health (Gratacap et al., 2019;
Wargelius, 2019).
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Figure 1: Repair pathways after DSB. The two different pathways (KO and KI) for the cell to repair DSBs.

Figure made in miro.com.

2.3.1 Casl2

Since the discovery of Cas9, a number of other gene-editing tools have been discovered and
now being utilized, including Cas12 and base-edit (Saber Sichani et al., 2022). Cas12, another
RNA-guided endonuclease for gene editing, is guided by gRNA to make a staggered cut to the
DNA (Anzalone et al., 2020). This gene editing tool might be beneficial when integrating DNA
sequence of interest in precise location (Pickar-Oliver & Gersbach, 2019). Cas12 recognizes
T-rich PAM sequence (5'-TTTV-3", V is A, C, or G) on the 5" end of the target sequence,
compared to Cas9 which recognizes G-rich areas on the 3 ’end. This makes Cas12 preferable
for targeting non-coding sequences with low GC-content. As Cas12 binds to different parts of

the genome where Cas9 cannot, the diversity of gene editing is expanded.

2.3.2 Base edit

Single nucleotide replacement (SNR) represents small edits in the DNA that can change one
amino acid or cause a stop codon. Using CRISPR to induce HDR and then “repair” with wanted
sequence homologous to the CRISPR target site can be used to perform SNRs (Straume et al.,
2021). Base edit is an alternative gene-editing tool to perform SNR that facilitates targeted

nucleotide transformations with the benefit of reducing off-target effects.
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Two types of base edit have so far been described, cytosine base editor (CBE) and adenine base
editor (ABE) (Saber Sichani et al., 2022). Base editors consist of modified Cas9, so-called
nickase Cas9 (nCas9), combined with a deaminase enzyme that convert the targeted base
without inducing DSB, but rather makes a nick in one of the strands. In CBE, Cas9 and cytosine
deaminase deaminates cytosine to uracil (C:U) in single-stranded DNA and nicks the
corresponding strand. The strand with uracil base is then used as a template for the
corresponding strand during mismatch repair of the nick, and changes G:A. Uracil is afterwards
picked up by the replication mechanism in the cell as thymine which results in U:T transition
(Kantor et al., 2020). Hence, CBE converts C-G base pair into T-A base pair. ABE shifts

adenine base into guanine base, which results in converting A-T base pair into G-C base pair.

Cytidine base editor Adenosine base editor
(CBE) (ABE)
gRNA gRNA
nCas9 nCas9
DNA - | ' PAM 3'5_ . DNA T‘ PAM 35’
]:[ ’::5 P' . . 57 /‘ .
IEREREREREREEERN IlEEERINERIN DN
IIRANRERRIRENEND LTI
TR INENENEERRNRNRENA
IliEERIRENNEEEENR IIEERERERIREEENY
(C-T conversion) (A-G conversion)

Figure 2: CBE and ABE base editors. Two types of base editors; CBE that convert C base into T and ABE that

convert A base into G. Figure made in miro.com.
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2.4 microRNA

One approach to make salmon more robust is by increasing expression of immune-related
proteins. This can be achieved by increasing expression of immune genes or influencing their
mRNA stability through modifying regulatory elements. One regulatory element is microRNA
(miR) binding sites, which are conserved in the genome. miRs, which are short regulatory RNA
molecules consisting of around 22 nucleotides, play a crucial role in post-transcriptional control
of gene expression. They control the gene expression by binding to specific binding sites in a
messengerRNA (mRNA) 3'UTR (Figure 3). miR can thereby silence the mRNA molecule in
several ways: (i) cleavage of the mRNA strand; (ii) destabilize the mRNA; (iii) inhibit
translation of the mRNA into protein (Bartel, 2018). Depending on the binding to the mRNA,
gene silencing occurs based on complementary miR to the mRNA (Bartel, 2018). Each miR
regulates a wide range of different transcripts and may have several target sites in some genes.
The zebrafish miR-223 have target sites in 4489 genes and miR-144 have target sites in 7452

genes (targetscan.org).

mRNA

57 -cap 5°UTR Proteincoding sequence 3°UTR Poly (A) tail

miR target sites

Figure 3: Overview mRNA. miR binds to target sites in 3"UTR of mRNA. Figure made in miro.com.

2.5 Immune genes ifng and myd§8

Binding sites for miR-223 and miR-144 are found in the 3'UTR’s of mRNA of the immune
genes interferon gamma (ifng) and myeloid differentiation factor 88 (myd88), respectively.
mydS88 is an adaptor protein in Toll-like receptor (TLR) signaling pathways, which plays a
central role in the immune system's recognition of invading pathogens (Takeda & Akira, 2004).
In a study by van der Vaart et al. (2013), the first zebrafish mutant with a truncated version of
myd88 was examined. The findings revealed that the immune-compromised mutant exhibited
reduced survival and higher vulnerability for some pathogens (Edwardsiella tarda and

Salmonella typhimurium). This was due to the dependence of the pro-inflammatory cytokine
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II1b on myd88 signaling during bacterial infections. Another important gene in the immune
system, ifng, plays a significant role activating viral immunity through phosphorylation of
Janus kinase 1 and 2 (JAK1 and JAK2). This will in turn activate the signal transducer and
activator of transcription proteins 1 and possible 2 (STAT1 and STAT2). This pathway
influences the transcription of genes essential for defense against infections (Grimholt et al.,
2020). By editing target genes associated with the immune system, gene editing has the
potential to induce wanted genotypes within one generation time (Ruan et al., 2017), increasing

robustness in fish.

2.6 Zebrafish as a model for Atlantic Salmon

Testing new genome editing technology in salmon can be time-consuming and expensive due
to the long generation time and reduced availability of eggs in large parts of the year. Therefore,
using zebrafish (Danio rerio) first for testing and implementation of new approaches can be
very beneficial. Zebrafish belong to a monophyletic group, Teleostei infraclass, thought to have
arisen 340 million years ago (Howe et al., 2013), and introduced as a model organism by
George Streisinger in 1970-1980 (Streisinger et al., 1981). Over the last decades, the zebrafish
have become an essential model for a variety of studies in biomedicine, developmental biology,
genetics, behavior, and physiology (Parichy et al., 2009). Other benefits of using zebrafish as
a model is their transparency and rapid development. As the zebrafish embryo hatch between
48 to 72 hours post fertilization (hpf) into a larva, most major organs will be visible together
with pigmentation, and therefore make them easy to study (Parichy et al., 2009). At 24 hpf, the

embryos build up an immune response towards microbial infections (Herbomel et al., 1999).
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2.7 Aims of the study

This thesis focuses on creating a more robust salmon by implementing new CRISPR strategies

in salmon, and utilizing zebrafish as a model for pre-testing novel strategies.

The first aim of this study is:
- Further develop CRISPR technology in salmon by
- establishing base editing as a method for defined single nucleotide
replacement
- implementing the use of Cas12 to broaden specter of possible target sites in

the salmon genome

The second aim of this study is:
- Edit microRNAs and microRNA binding sites in zebrafish to increase expression of
- ifng
- myd88

14



3 Materials and methods

3.1 gRNA design

The target genes ifng and myd88 were chosen based on their association with the immune
system, having early expression and few miR binding sites. The gene sequences for ifng and
myd88, together with their associated miR, miR-144 and miR-223, were imported to Geneious
Prime software for designing gRNA. CHOPCHOP (chopchop.cbu.uib.no) was used to detect
PAM sites and cut sites together with the built-in CRISPR analyzing tool in Geneious. We
attempted two approaches to disrupt the miR target site. The first approach was to design a
gRNA to cut in the center of the miR target site (Figure 4 a) + ¢)), mutating it and therefore
limiting the possibility for the miR to bind. The second approach was to design two gRNAs to
cut on both the left and right (L+R) side of the miR target site, aiming to remove the entire site
(Figure 4 b) + d)). Additionally, two gRNAs were designed to cut on both sides of the miR
genes itself to KO the entire miR gene (Figure 4 ¢) + f)). All gRNAs were BLASTed against
the zebrafish genome assembly to limit off-target effects. The gRNA sequences and the

corresponding nuclease can be found in Table 1.
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Figure 4: gRNA used for zebrafish injections. gRNA colored in gray and PAM sites colored in purple. a) + b)
The gray box labeled miR-223 is the miR target site in the 3"UTR of ifng mRNA. ¢) + d) The gray box named
miR-144 is the target site in the 3"UTR of myd88 mRNA. e) The dark gray box is the exon coding for miR-223.

f) The dark gray box is the exon coding for miR-144. Pictures are taken from Geneious Prime software.



Table 1: Sequences for the different gRNAs. gRNAs with associated Cas protein and sequence. PAM sites are

underlined.
gRNA Cas protein Sequences (57-3")
ifng targetsite Casl2 TTTCTTGAAAATATTGTAACTGAC
ifng targetsite L Casl2 TTTATACGTTTCTTGAAAATATTG
ifng targetsite R Casl2 TTTATTTGAAAAATTTTGACAATG
myd88_targetsite Cas9 GTTGAATATACTGTATATTGTGG
myd88_targetsite L Cas9 ACATTTAGTTCTTGTTACACTGG
mydS88 targetsite R Cas9 TACATCTGATTATATTGAGAAGG
miR-223 L Cas9 CCTCCTGATCTAGACTCTTCTCT
miR-223 R Cas9 TTTGTCAAATACCCCAAGAGAGG
miR-144 L Cas9 TTTAATCTTGCTCTCTAGACAGG
miR-144_ R Cas9 CAGAGGCTCGTTGACCCCCTGG
albinol Cas9 GGCTCAGATCATCGTGGGGGCGG

gRNAs for ifng were ordered from Integrated DNA Technologies (Leuven, Belgium) complete
and ready to use after adding the corresponding dH>O volume. gRNAs for myd§88, mir-223,
mir-144 and slc45a2 (targeting albino, a marker gene for visual confirmation of gene editing)
was made according to the protocol in Gagnon et al. (2014), where gRNA is produced from a
DNA template. First step for annealing oligos consisted of mixing 1l of gene-specific oligos
(100uM), 1ul of constant oligo (100uM) and 8ul dH>O together and run in a thermocycler.
The thermocycler program started with 5 minutes at 95°C followed by a stage where the
temperature decreased from 95°C to 85°C at a rate of 2°C/sec. In the final stage, the
temperature decreased from 85°C to 25°C at a rate of 0.1°C/sec before a hold step at 4°C. The
annealed oligos were mixed with a T4 master mix (Table 2). The 20ul product was then

incubated at 12°C for 20 minutes.

17



Table 2: Contents of T4 DNA polymerase master mix.

Component Volume (1 rxn)
dNTP (10mM) 2.5ul
10x NEB buffer 2.1 2ul
100x NEB BSA 0.2ul
T4 NEB DNA polymerase 0.5ul
dH.0 4.8ul
Total 10ul

The DNA product was subsequently purified using the Qiagen PCR clean up kit, following the
provided protocol apart from using a 30ul dH>O elution volume. The concentration of the
purified DNA product was measured using a NanoDrop 8000 spectrophotometer
(ThermoFisher Scientific). To verify the product’s correct size, it was run on a 1% agarose gel

(section 3.9).

The DNA was then transcribed into RNA with the use of T7 polymerase and HiScribe T7 Quick
High Yield RNA synthesis kit (NEB). The master mix consisted of NTP buffermix and T7
polymerase. Input of the DNA product was 1000ng and dH>O was added to a final volume of
30ul (Table 3). The samples were then incubated at 37°C for 16 hours.

Table 3: Contents of T7 polymerase master mix.

Component Volume (1rxn)
dH>O X
NTP buffermix 10pl
Template DNA (up to 1000 ng) X
T7 polymerase 2ul
Total 30ul

18



The next step in the gRNA synthesis was to remove the DNA template by a DNase treatment,
where 20ul dH>O and 2pul DNase I (RNase-free) was added to the 30ul product, and incubated
at 37°C for 15 min. The RNA was cleaned up using RNeasy Mini Kit-columns (Qiagen)
according to the manufacturer's protocol. The concentration of the gRNA was analyzed using

a NanoDrop 8000 spectrophotometer (ThermoFisher Scientific), and then stored at -80°C.

3.2 Zebrafish administration and handling

Zebrafish were kept and handled at the Institute of Marine Research (IMR) at Nordnes,
Norway. The adult zebrafish were kept at 28°C with a light regime of 14h light and 10h dark,
and fed three times a day. Each 8L tank stored between 40 and 50 individuals. The day prior
to fertilization, male and female zebrafish were placed in the same tank, but separated from the
breeding area by a vertical mesh screen (Figure 5(1)). The following morning, the vertical block
was removed, allowing the zebrafish to breed in the shallow part of the tank. The eggs would
fall through a horizontal mesh screen to be collected in a chamber (Figure 5(2)). Approximately
15 min after removing the vertical block, the eggs were ready for collection. The eggs were
rinsed with embryo medium (E3) (Table A2 + A3) and transferred onto a petri dish in

preparation for injections.

Figure 5: Zebrafish tank. Tank where female and male zebrafish were put together the day before injections. (1)

Vertical mesh screen, removed to initiate breeding. (2) Chamber collecting eggs.
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3.3 Zebrafish injections and sampling

A Nikon SMZ-645 stereomicroscope (Nikon, Japan) was used together with a FemtoJet 4i
microinjector (Eppendorf, Germany) to perform the injections. Glass capillaries with an outer
diameter of 1.0mm, inner diameter of 0.5mm and 10cm length (Sutter instrument) were heat-
pulled by a PC-100 needle puller (Narishige, Japan) to form the needle used for injections. A
volume between 2.5-3.5ul of injection mix was added into the needle before the tip was cracked
open with a pair of tweezers. To ensure accurate injection volume, a Stage Graticules S8
Micrometer (Electron Microscopy Sciences, USA) Imm ruler was used to calibrate the amount
of injection mix injected into the eggs. The injected droplet had a diameter of 0.2mm, which is

equivalent to InL injection mix.

For the ifng injection mix, two ribonucleoprotein (RNP) complexes were prepared and
incubated for 15 minutes at room temperature before mixing and ready for injection. One
RNP complex consisted of ifng gRNA along with Cas9 protein (1000ng/ul) (for injections
done targeting miR-223) or Cas12 protein (for injections done targeting ifng target site) at a
final concentration of 100ng/ul and dH>O. The other RNP complex consisted of gRNA
targeting the slc45a2 gene (2777ng/ul) and Cas9 (1000ng/pul) at a final concentration of
100ng/pl along with dH>O.

Similarly, two RNP complexes were prepared for the myd8§ injection mix and incubated for
15 minutes at room temperature before mixing and ready for injection. One RNP complex
consisted of myd88 gRNA and Cas9 protein (1000ng/ul) at a final concentration of 100ng/pl
along with dH>O. The other RNP complex consisted of gRNA targeting the slc45a2 gene
(2777ng/ul) and Cas9 protein (1000ng/pul) at a final concentration of 100ng/ul along with
dH-O.

Fertilized eggs were transferred in groups of approximately 50 individuals onto a petri dish
containing agarose with canals fitting the eggs (Figure 6 (1)). The eggs were placed down in
the agarose mold with a pipette tip to inhibit movement when injecting, and therefore increase
injection efficiency. Injections were performed in the yolk of the egg and took place before the
eggs reached the second cell stage, 45-60 min post fertilization. After injection, the eggs were
washed out of the agar mold with E3 medium onto a new petri dish. Each petri dish contained

roughly 50 injected eggs. The control groups were transferred directly from the same egg batch
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as the injected groups into separate petri dishes, following an equal duration outside the tank
before incubation. The eggs were incubated, with daily husbandry, at 28°C until 5 days post
fertilization (dpf) before sampling. After 5 days, the larvae were anesthetized, and the most

visual albino individuals were sampled together with controls. Both injected and controls were

sampled on ethanol for DNA extraction and RNAlater for RNA extraction.

Figure 6: Different parts of zebrafish injections. (1) Agarose mold with eggs fitting the channels ready for

injections. (2) Needle injecting injection mix into the yolk of zebrafish egg.

3.4 Salmon injections and sampling

Eggs and sperm from salmon were picked up from MOWTI at Askey, Norway and stored on
ice. Fertilizing was done in glutathione to prevent chorion hardening, which was made by
adding 0.15g Glutathione (Sigma-Aldrich, USA) to 1L MilliQ water. The pH was adjusted to
the optimal level of 10 by adding NaOH. If the pH exceeded 10, HCI was added to lower the
pH into the desired range. Glutathione was stored in the fridge or on ice to keep cold (6-8°C)
until fertilization. Sperm from two different individuals were transferred with a plastic pipette
into the egg batch from one female and mixed. Glutathione was added after 1 min, and the
injections were performed after about 3 hpf. Injections were done at the IMR at Matre, Norway.
50 fertilized eggs were transferred to a tray containing individual spots for each egg. The eggs
were gently rotated using a pipette tip to ensure that the cells were orientated upwards,
facilitating easier injections. Injections were done using an Olympus SZX10 Stereo
Microscope (Olympus, Japan) together with a FemtoJet 4i microinjector (Eppendorf,
Germany). Capillaries used for the injections had a length of 10cm, with outer diameter of
1.0mm and inner diameter of 0.5mm that got heat-pulled by needle puller PC-100 (Narishige,
Japan).
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Injection mix for base edit was made by Mari Raudstein and contained AncBE4max base editor
mRNA (3130ng/ul) (Table A4) with a final concentration of 300ng/ul, albinol gRNA
(2183ng/pl) (Table 1) with a final concentration of 100ng/ul and dH>O. Injection mix for Cas12
FLAG KI non-target template was also made by Mari Raudstein, and consisted of L.b Cas12
protein ultra (10pg/uL) with a final concentration of 100ng/puL, Alb ex1 crRNA (100uM)
(Table A4) with a final concentration of 100ng/puL, template Casl2 alb nont 90PAM
(100uM) with a final concentration of 1.5uM and dH>O. Injection mix for Casl12 FLAG KI
target template consisted of L.b Cas12 protein ultra (10pg/pL) with a final concentration of
100ng/uL, Alb exl crRNA (100uM) (Table A4) with a final concentration of 100ng/uL,
template Cas12 alb target 90PAM (100pM) with a final concentration of 1.5uM and dH>O.

All injection mixes were prepared fresh prior to the injections.

After injections, the eggs were transferred to hatching trays. The eggs were kept at 6°C with
no light until sampling at ~700 day degrees. The husbandry was carried out by the staff at IMR
Matre until sampling. On the day of sampling, the fish were anesthetized using Finquel along
with a buffer to maintain a neutral pH. The number of individuals sampled varied across groups
depending on the abundance of the visual albino phenotype. Individuals with the albino

phenotype were sampled in ethanol for subsequent DNA extraction.

3.5 DNA extraction

DNA extraction from zebrafish larvae and salmon fin clips was conducted following the
protocol of the Qiagen DNeasy Blood & Tissue Kit (Qiagen, USA), except from the elution
volume, which was set to 100ul. The final DNA concentration was measured on a NanoDrop

8000 spectrophotometer (ThermoFisher Scientific).

3.6 Sanger sequencing

3.6.1 PCR Q5 High-Fidelity DNA polymerase

Sanger sequencing was used to determine the effectiveness of the gRNA and determine which
injected groups to proceed with for qPCR analysis. To check the gRNA effect, the target sites
of interest were amplified using Q5 PCR. Individual master mixes (Table 4) were made for the

different genes with corresponding primers (Table Al). After adding the master mix to the
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different samples, they were run through a thermocycling program (Table 5). The PCR product

was assessed on 1% agarose gel to verify if the amplification was successful (section 3.9).

Table 4: Contents of Q5 PCR master mix.

Component Volume (1 rxn)
Q5 5x Reaction Buffer 2ul
Q5 HF DNA Polymerase 0.1ul
dNTPs (10uM) 0.2ul
F primer (10uM) 0.5ul
R primer (10uM) 0.5ul
dH.O 5.7ul
Template Tl
Total 10ul

Table 5: Q5 PCR thermocycling program.

Stage 1 Stage 2 Stage 3
98°C 98°C | 65°C | 72°C 72°C 4°C
30sec 10sec | 20sec | 30sec 3min 0o

x1 x30 x1

3.6.2 BigDye PCR

The PCR product was purified by ExoSAP-IT PCR Product Cleanup (ThermoFisher
Scientific). The cleanup removes excess primers and nucleotides. Syl of post PCR product was
mixed with 2pl of ExoSAP-IT reagent, and incubated at 37°C for 15 min followed by 80°C for
15 min. The final step to prepare the samples for sanger sequencing was by using the BigDye
Terminator v3.1 Cycle Sequencing Kit (ThermoFisher Scientific). The master mix was

combined with a 1ul template from the cleaned-up PCR product (Table 6). The resulting 10ul
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product was run in a thermocycler using the program in Table 7. Following completion of the
program, 10ul of dH>O was added, and the sample was sent to the DNA Sequencing Lab at the

University of Bergen.

Table 6: Contents of BigDye PCR master mix.

Component Volume (1rxn)
BigDye v3.1 Reaction Mix Ll
5X Sequencing buffer Ll
ImM reversed primer 3.2ul
Template Lul
dH.O 3.8ul
Total 10ul

Table 7: PCR cleanup thermocycling program.

Stage 1 Stage 2 Stage3
96°C 96°C 50°C 60°C 4°C
Smin 30sec 30sec 45sec
o0
x1 x25
3.7 MiSeq

As a supplement to sanger sequencing, DNA from injected groups with gRNA targeting ifng
and myd88, except from myd88 targetsite L+R, were prepared for Illumina MiSeq deep
sequencing. All preparations of the MiSeq library were done by Mari Raudstein as in Gagnon
et al. (2014), using Q5 enzyme instead of Phusion. MiSeq was performed at the IMR in
Arendal, Norway. After MiSeq, the Fastq files were filtered by Erik Kjerner-Semb using
Cutadapt (Martin, 2011) and sorting the read counts into different categories.
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3.8 qPCR
3.8.1 RNA extraction

RNA was extracted from zebrafish individuals or pools using the RNeasy Mini kit (Qiagen,
USA) according to the protocol. Disruption and homogenization were done by vortexing the
tissue in 600ul Buffer RLT, and the RNA was eluted in 30ul. RNA concentrations were
measured on a NanoDrop 8000 spectrophotometer (ThermoFisher Scientific). The RNA
samples were kept on ice from the elution step until the measurement of the concentrations.

Subsequently, the samples were transferred to a -80°C freezer for storage.

3.8.2 Agilent Bioanalyzer

The quality of the extracted RNA product was assessed using the Bioanalyzer RNA 6000 Nano
Assay (Agilent Technologies, USA) and the 2100 Bioanalyzer Instrument (Agilent
Technologies, USA), following the manufacturer's protocol. The resulting RNA Integrity
Number (RIN) value was obtained, which gives an indication of the quality of the RNA.

3.8.3 cDNA synthesis

The SuperScript VILO cDNA Synthesis Kit (ThermoFisher Scientific) was used to generate
cDNA from the extracted RNA. A 10pul reaction was prepared for each sample, an exception
from the protocol’s specified 20pul. This adjustment was made to minimize the consumption of
reagents. A master mix was made for all the samples, including a negative control (NC), and
consisted of 2ul 5X VILO Reaction Mix and 1pl 10X SuperScript Enzyme Mix for each
sample. Input of RNA was set to 100ng. To achieve a final reaction volume of 10ul, dH20 was
added alongside the master mix as per the volume requirements determined by the RNA
concentration in each of the different samples. The NC was prepared with dH>O instead of
RNA template and no reverse-transcription control (NRT) was prepared with dH»O instead of
10X SuperScript Enzyme Mix. The samples were spun down before incubation according to
Table 8 below. After the incubation, the samples were spun down and diluted 1:5 (added 40ul
dH»0) before being stored at -20°C.
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Table 8: cDNA incubation program.

Stage 1 Stage 2 Stage 3 Stage 4
25°C 42°C 85°C 4°C
10min 60min Smin o

3.8.4 Dilution curve/primer validation

A dilution curve was performed to assess the efficiency of the primers targeting the gene of
interest (myd88), as well as two housekeeping genes (elfla and tubalc) used as control genes
(Xuetal.2016). A cDNA pool was made by adding 5Sul of each sample, and was further diluted
in series; 1:10, 1:20, 1:40, 1:80, 1:160. Triplicates were made for each dilution value to observe
any potential variation in pipette usage (Table 9). The NRT had a dilution of 1:10. A master
mix was prepared for the three individual genes (myd88, elfla and tubalc) and consisted of
12.5ul of Sybr Green supermix, 0.5ul of forward primer and 0.5ul reversed primer (Table A1)
together with 6.5ul dH>O was added to each well. The qPCR plate was sealed with a MicroAmp
Optical Adhesive Film (ThermoFisher Scientific) before being vortexed, centrifuged and run
in QuantStudio 5 (ThermoFisher Scientific), using program in Table 10. The efficiency for the
primers was calculated by Design and Analysis Software in a standard curve plot, where the
average cycle threshold value (Ct-value) was plotted against log10 for the different dilutions.

A linear regression displayed the slope and the primer efficiency (Eff%) was shown.
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Table 9: Plate setup for dilution curve and primer validation. Overview of qPCR plate with the different

dilutions, including NRT and NC at the bottom of the plate.

7 8 9 101112
d1:10 | d1:10 | d1:10
d1:20 | d1:20 | d1:20
d1:40 | d1:40 | d1:40
d1:80 | d1:80 | d1:80
d1:160 | d1:160 | d1:160
NRT | NRT | NRT

NC NC NC
tubalc
Table 10: qPCR incubation steps.
Step 1 Step 2 Step 3 Step 4
95°C 95°C 60°C 95°C 60°C 95°C
2min 15sec 25sec 15sec Imin +0.15°C/s Isec
x1 x40 x1 x1

3.8.5 qPCR of myd§8

The cDNA samples were diluted 1:10 for the qPCR. Three different master mixes were made
for the individual genes (myd88, elfla and tubalc) containing 6.25ul SYBR Green Supermix,
0.25ul forward primer, 0.25ul reversed primer and 3.25ul dH>O for each sample. 10ul of the
respective master mix were transferred to MicroAmp Optical 96-well Reaction plate

(ThermoFisher Scientific) with automatic pipette. NTC and NC were included on the right side
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of the plate. 2.5ul samples were added to the related wells manually (Table 11). The gPCR
plate was sealed with a MicroAmp Optical Adhesive Film (ThermoFisher Scientific) before
being vortexed, centrifuged and ready for qPCR run in QuantStudio 5 (ThermoFisher
Scientific), using the program in Table 12.

Table 11: Plate setup for qPCR.

7 8 9 10 11
1201 | 1202
1201 | 1202
1204 | 1205
1204 | 1205
1207 | 1208

1207 | 1208 | 1209 | NRT | NRT

1210 | 1211 | 1212

1210 | 1211 | 1212

tubalc
Table 12: gPCR incubation steps.
Step 1 Step 2 Step 3 Step 4
95°C 95°C 60°C 95°C 60°C 95°C
2min 15sec 25sec 15sec Imin 0.15°C/s 1sec
x1 x40 x1 x1
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3.9 Gel electrophoresis

Gel electrophoresis were used to verify PCR product size. A 1% agarose gel was prepared by
mixing 1g agarose with 100ml 1xTAE buffer. Sul of GelRed was added to 80ml of the 1%
agarose, which solidified after 30 minutes, resulting in final gel ready for sample loading. For
sample loading, 1ul of PCR product, along with 1ul of GoTaq buffer and 3ul of dH>O were
loaded into the wells within the gel. Additionally, 1ul of DNA ladder (MassRuler) were loaded
on each side as a reference. The electrophoresis gel was submerged in a 1XTAE buffer and
connected to an electrical current. Electrophoresis was performed at 80V for 1h to separate the
DNA fragment based on size. To verify the size of the DNA fragments, the gel was subjected
to UV light using iBright CL1000 (ThermoFisher Scientific). This allowed visualization of the

fragments in relation to the DNA ladder as a reference point.
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4 Results
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Figure 7: Flowchart over the different groups included in this thesis. Overview of the different steps during

the experiment. Green and pink pathways display zebrafish, while orange and turquoise represent salmon. Samples

in Table A5 are colored respectively to colors in the figure. Figure made in miro.com.

30



4.1 CRISPR technology development in salmon

For CRISPR technology development we have used gRNA targeting slc45a2 (albino) as
marker gene for visual confirmation, as used previously for technical development in salmon
(Edvardsen et al., 2014; Straume et al., 2020; Straume et al., 2021). To identify slc45a2-

mutants, individuals displaying an albino phenotype were selected by visual inspection.

Figure 8: Albino and pigmented salmon larvae from injections of base editing. (1) Albino phenotype; (2)

control. From base editing injections, eight individuals with albino phenotype were sampled (sample 6101-6108).

4.1.1 Base editing

We injected 700 Atlantic salmon eggs with the albino gRNA and the AncBE4max base editor
mRNA. The eggs were kept in the dark in hatching trays for ~ 700 day degrees. Eight larvae
with the albino phenotype were sampled (sample 6101-6108, Figure 8) and subjected to MiSeq
deep sequencing to evaluate the efficiency of the injected base editor. The MiSeq results were
divided into three different categories; (I) correct conversion, where the targeted C base was
converted to a T base inducing stop codon (TAG); (II) wild type sequence (WT) where no
change has occurred; (III) erroneous edits, which include all other instances apart from the two
first groups (Table 13). Only sequence variants with 100 or more reads were included in our

analyses. On average, the correct conversion efficiency of base editing was 66.5%, with the
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highest observed individual efficiency of 89.1%, in sample 6101. WT sequences were observed
at a low frequency in all samples except from sample 6108, where the individual had an equal
amount of WT sequences and correctly converted C:T base. Erroneous edits from the MiSeq
data include indels of both deletions and insertions, together with bystander and incorrect

conversion (Figure 9).

Table 13: Correct conversion in base editing. Percentage of correct conversion (C:T), wild type (WT) and errors

in base editing.

Sample |Correct conversion WT Errors
6101 89.1 % 3.5% 7.3 %
6102 87 % 6.4 % 6.6 %
6103 59.8 % 16.6 % 23.5%
6104 46.8 % 30.4 % 22.8%
6105 85.9 % 7.1 % 7%
6106 63 % 22.1% 14.9 %
6107 64.3 % 22.6 % 13.1 %
6108 36.3 % 36.6 % 27.1 %

100 110 140 150 180 190 200 210
Consensuss CGCTCACGTGTATGGTGCAGCTGGCTMAGATCATCGTGGGGGCGGGACTGGGGGCATTGGTTA
21

88
-/ /| | || ||
0.

150149 141140 134 127 1 109

8
alb1-BE I G EEEANE G W G NNAEE G G il G Al G NN G G RENNA G ARSI Gl G G G G GENG G GIANENG G G G GENANNN G G MEmAY
' -

PAM

E’@

Correct conversion IPT‘T‘Gf—b
5

112841 CGCTCACE C MAGATCATCGTGGG GGGCATTGGTTA
3740 CGCTCACGTG] CTGG CAGATCWM Bystanderp.11 [FGGGCATTGGTTA
3575 CGCTCACGTG GCTHAGATH GTGGG : GGGGCATTGGTTA
2124 CGCTCACGTG WT sequence CTGGCTCAGATCATCGT--Glbtocoovw —~~GGGGCATTGGTTA
825 CGCTCACGTG CTGGCTMAGATCATCGTGGGGGCGGGACTGGGGGCATTGGTTA
756 CGCTCACGTGTATGGTGCAGCTGEMICTCAGATCATCGT GCGGGACTGGGGGCATTGGTTA
L I I CGG TTGGTTA
624 CGCTCACGTGTATGGTGCAGCTGGCTCAGATCAT - - - ; TTGGTTA
542 CGCTCACGTGTATGGTGCAGCTGGCTCAGATCATCG cc| Indels(deletions) | ¢¢ i
519 CGCTCACGTGTATGGTGCAGCTGGCTCAGA=---=--- GG TTGGTTA
435 CGCTCACGIGTATGGTGCAGCTGGCTCAGATCAT- - GGGACTGGGGGCATTGGTTA
254 CGCTCAC ) CTHEGCTEIAGATCATC ron=adlc . . GCATTGGTTA
219 CGCTCAC| Incorrect conversion »C%-AGATCGGG@ G G G| Indels (insertions) |GCATTGGTTA
201 CGCTCAC CTG GAGATCATC GGGGG GCATTGGTTA
181 CGCTCACGTG E e il xCTGGCT-AGATCATCW" GGGGCATTGGTTA
155 CGCTCACGTG CTGGCTHMAGATCATH GG{ g derpg PGGGGCATTGGTTA
103 CGCTCACGTG Bystanderp.18 %T-AGATCATCGTGGG ystanderp.8 [ GGGGCATTGGTTA
88 CGCTCACGTG GT TWAGATCATCGTGGG GGGGCATTGGTTA

Figure 9: MiSeq result from base editing. Overview over different instances during base edit. Data from sample
6101 is shown. The numbers to the left of the sequences represent total reads of the specific sequence in that row.
gRNA colored in turquoise. PAM site (CGQ), target base (C) and possible stop codon (CAG) are all colored in

gray. Figure taken from Geneious Prime software.
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The most common type of erroneous edit was indels, with deletions occurring at an average
rate of 7.5% (Table 14). A base editor should not make DSBs in the genomic DNA. However,
the location of the deletions indicates that this had indeed occurred. Insertions, on the other
hand, were rare with an average rate of 0.9% and ranged from inserting one to thirty bases

across the samples.

Table 14: Indels errors from base editing. Percentage of the two groups of indels, insertions and deletions.

Sample Insertions | Deletions
6101 0.3 % 4%
6102 0 % 2.1%
6103 0.4 % 6.7 %
6104 4.3 % 5%
6105 0.3 % 3.8%
6106 0.2 % 9.8 %
6107 1.3 % 7.3 %
6108 0.2 % 21 %

Bystander errors refers to unintended conversion of non-target C bases that get converted into
T, resulting in an unintended C:T transition. These types of unintended conversions were most
frequently observed at position 8 (p.8), 11 (p.11) and 18 (p.18) bases upstream of the PAM site
(Figure 9). The highest frequency of bystander errors occurred at p.11, with an average of 2.5%
(Table 15).
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Table 15: Bystander errors from base editing. p.8, p.11 and p.18 refers to the number of bases from the PAM

site.

Sample p-8 p.11 p.18
6101 0.1 % 2.8% 0 %
6102 0 % 22% 0.1 %
6103 7.6 % 3.8% 0.5%
6104 1.2% 3.4% 6.1 %
6105 0.9 % 1.4 % 0.2 %
6106 0.4 % 32% 0.2 %
6107 0.2 % 3.4% 1.5%
6108 0.4 % 1 % 0.3 %

The final group of errors observed was incorrect conversion, which occurs when the targeted
base is converted into a different base other than T, such as G or A. These types of conversions

were rare, with frequencies of 2.5% and 0.2%, respectively (Table 16).

Table 16: Incorrect conversions from base editing. Percentage of instances where target base was converted

into an unwanted base G or A.

Sample C:G C:A
6101 0.2% 0 %
6102 2% 0.1%
6103 51% 0 %
6104 6.3 % 0.8 %
6105 0.4 % 0 %
6106 1.3% 0.4 %
6107 0.8 % 0.2%
6108 4.2 % 0.1%
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4.1.2 CRISPR/Cas12 KO and KI

Atlantic salmon eggs were injected targeting the pigmentation gene slc45a2 for easy visual
confirmation. To investigate both KO and KI at the same time we also included ODN templates
in the injection mix. We used target (homologous to target sequence) and non-target
(homologous to non-target sequence) ODN templates together with Cas12 protein and injected
568 and 754 embryos, respectively, to induce FLAG insert by HDR. FLAG is a commonly
used artificial epitope used to tag proteins for capture and detection. Cas12 recognizes PAM
sites (TTTV) on non-target strand and binds to the target strand (opposite strand of the one with
PAM site). Only sequence variants with 100 or more reads were included in our analyses.
Perfect HDR represent insertion of FLAG sequence with no indels. The percentage of perfect
HDR was calculated by subtracting the number of WT reads from total reads, and then
determining the proportion of instances where CRISPR occurred alongside perfect HDR. The
average of FLAG insert was 4.6 % in all samples, while four samples had inserts with over
15% perfect HDR (Table 17). The sample with the highest occurrence had 54.9% FLAG inserts
with perfect HDR (sample 7311). Imperfect HDR represents insertions of FLAG with various
indels inside or at one or both sides of the inserted sequence (Figure 10). Such inserts represent
HDR occurrence, but indicate errors to have arisen in the repair process. Imperfect HDR
occurred 4.2% on average between all samples. Indels, categorized as KO, were the most
frequent type of reads observed in all samples, except for one (sample 7311). On average, KO

accounted for 57.8% of the reads.

Table 17: Perfect HDR, imperfect HDR and KO with Cas12 in salmon. Percentage of perfect HDR (FLAG
insert), imperfect HDR (FLAG inserted, but with errors on the ends or in the middle) and KO (mutated reads). %
Perfect HDR and % Imperfect HDR measured by subtracting wild type reads from total reads. KO reads measured
from total reads - wildtype reads - imperfect reads - perfect reads. Sample 7201-7227 target. Sample 7301-7320

non-target.

Sample |% Perfect HDR| % Imperfect HDR KO Total reads
7201 0% 0.8 % 56.6 % 39053
7202 0% 6.3 % 73.3 % 35276
7203 0% 0% 83.9 % 36900
7204 0% 12.3 % 62.7 % 35275
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7205 23 % 4.3 % 80.7 % 24440
7206 0% 0% 87.1 % 39944
7207 0.4 % 0.3 % 89.9 % 46895
7208 0.6 % 0.6 % 87.5 % 25140
7209 0.3 % 0% 83.2% 35314
7210 0% 2.6 % 84.1 % 30497
7211 0% 0.8 % 80.2 % 33726
7212 0% 0.7 % 58.9 % 37587
7213 0% 0% 54.2 % 42859
7214 0% 13.2% 60.9 % 30807
7215 0.4 % 1% 78.1 % 51091
7216 0% 0.8 % 68.3 % 37854
7217 0% 0.7 % 75.2 % 45451
7218 0% 13.9 % 65.5 % 39525
7219 17.4 % 0% 46.7 % 38036
7220 26.6 % 52% 43.1 % 36428
7221 0.5% 1.7 % 71.6 % 36730
7222 0% 0% 64.5 % 41188
7223 1% 0.4 % 51.6 % 48005
7224 0% 0.6 % 67.1 % 40240
7225 1.4 % 0.9 % 61.4 % 36027
7226 0% 3% 54.6 % 44967
7227 343 % 0% 41.5 % 28504
7301 4.1 % 6.7 % 58.2% 37839
7302 27.8 % 0.5% 63.9 % 41948
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7303 0.5% 1.9 % 82 % 50166
7304 14.7 % 2% 57.4 % 23824
7305 0.5% 6.1 % 42.2 % 47436
7306 3.6 % 23 % 46.9 % 44270
7307 0% 4.8 % 55.6 % 36558
7308 0% 16.5 % 44.5 % 39227
7309 0% 14.8 % 58 % 32775
7310 0% 0% 61.6 % 30229
7311 54.9 % 4.2 % 26.7 % 33883
7312 0% 22.5% 29.5 % 28206
7313 1.6 % 14.1 % 17.1 % 49691
7314 0% 3.1% 63.1 % 41784
7315 0% 8.4 % 35.5% 39528
7316 12.7 % 5% 27 % 40729
7317 6.8 % 15 % 37.7 % 36296
7318 1.5% 1.2 % 38.3 % 49561
7319 4.5 % 0% 36.9 % 36328
7320 0.6 % 0% 57.7 % 56681
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Figure 10: Results from HDR in salmon. The empty gray boxes on each side of FLAG represent cutsites. The
numbers to the left of the sequence represent total reads of the specific sequence. FLAG sequences are in the
middle of the two black vertical lines. Data from sample 7316 is shown. Figure taken from Geneious Prime

software.

4.2 Modifying miR binding elements in 3’UTR of zebrafish genes ifng and
mydS88

miRs are known to regulate gene expression by binding to miR binding sites in the 3’UTRs of
mRNAs. In most cases, this interaction leads to suppressed expression. Mutate the miR binding
sites could be a way to increase the expression of genes important for immune function, since
this would inhibit the miR to bind to its 3’UTR binding site. To investigate this, we searched
for immune genes with few miR binding sites and early expression (<5dpf). We identified
genes with miR 3’UTR binding sites associated with immune response in Atlantic salmon using
Table 2 and 3 in Andreassen and Heyheim (2017). One gene, ifng, was chosen as it has only
one miR binding site in zebrafish and the same miR present in salmon. Another gene of interest,
myd88, was chosen due to having only three miR target sites, and being expressed earlier than
5 dpfiin zebrafish. We selected these two genes, ifng and myd88, and their respective miR (miR-
223 and miR-144) for further studies.
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4.2.1 ifng and myd88

The ifng gene plays a critical role in the body's defense against infections and has important
functions in regulating immune responses and maintaining cellular homeostasis. In the 3’UTR
of ifng we found only one conserved miR binding site, which is also present in salmon. To edit
the miR-223 target site we designed three gRNA for Cas12 (one cutting in the middle of the
target site and two on either side). Two gRNA with Cas9 were also designed to cut on both
sides of the miR-223. The myd88 gene acts as an adapter protein in TLR signaling pathways,
which identify invading pathogens and is a key component of the immune system. To edit the
myd88 miR-144 target site we designed three gRNAs for Cas9 (one cutting in the middle of the
target site and two on either side of the target site). Two gRNA were also designed to cut on

both sides of miR-144.

Zebrafish eggs (n=200-250) were injected for each of the six groups; (1) ifng target site with
one gRNA cutting in the middle of the target site, (II) ifng target site L+R with one left and one
right gRNA cutting on both sides of the target site to remove the whole target site, (III) miR-
223 L+R with one gRNA on each side of the miR-223 to remove the whole miR, (IV) myd88
target site with one gRNA cutting in the middle of the targetsite, (V) mydS§8$ target site L+R
with one gRNA on each side of the target site cutting out the whole target site and (VI) miR 144
L+R with one left and one right gRNA on each side of the miR cutting out the whole miR.
Cas12 was used for the ifng target site and the ifng target site L+R groups due to being more
suitable as the target site was located in T" rich area, while the rest of the groups were injected
with Cas9. All groups were injected with gRNA targeting slc45a2 for easy visual confirmation
(Irion, 2014). At 5 dpf, around eight injected individuals with albino phenotype from each
group were sampled for pre-screening by sanger sequencing (Figure 11 (1)), together with one
injected individual without albino phenotype and one non-injected control (Figure 11 (2)).
There were no significant differences in mortality or deformities in the injected groups when

compared to the control groups.
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Figure 11: Albino and pigmented zebrafish larvae from myd88 injections. (1) Albino phenotype and (2)
control, 5 dpf.

4.2.2 Sanger sequencing

To determine the effectiveness of the gRNAs, we initially conducted a screen using sanger
sequencing. The sanger sequencing gave an indication whether the gRNA work or not based
on the appearance of the sequence after the cut site. If the sequence is similar to the reference
sequence with no or minimal “noise” in the sequence up until cutsite, and then becomes
unreadable, i.e made up from “N”s, , it is an indication of an indel at the cut-site (Figure 12).
Indel size can vary and the sequence beyond the cut site may be a combination of different
sequences. The result from the ifng target site (Figure 12 a)) showed only mutation in 2 out of
9 individuals, while ifng target site L+R revealed a mutation in 7 out of 8 individuals (Figure
12 ¢)). 5 of 8 individuals were mutated in myd88 target site (Figure 12 e)), while injections
with myd§88 target site L+R did not give any mutations (Figure 12 g)). We did not go any further
with myd88 target site L+R. The sanger results did not produce any readable sequences for

miR-223 and miR-144.
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Figure 12: Sanger results from gRNA targeting ifng and myd88, zebrafish injections. Cut out from sanger
sequencing results in Geneious Prime software, including the different injected groups. gRNA are colored in gray,
with PAM sites for the gRNA colored in purple and miR target sites colored in pink. No data for miR-223 and
miR-144.

4.2.3 MiSeq

Based on the sanger sequencing result we concluded that myd8§ target site L+R gRNAs did
not work, or worked with too low efficiency to be used for functional studies. The other five
of the six injected groups in zebrafish (myd§8$ target site L+R not included) were sent to MiSeq
deep sequencing to determine the mutations efficiency in greater detail. Only sequence variants

with 500 or more reads were included in the results.

4.2.3.1 ifng

The ifng target site showed an average of 11.5% mutation rate (Table 18), while cutting on the
left side of target site (Table 19) revealed a high mutation rate of 67.2% on average, with three
samples over 90%. The efficiency of the gRNA on the right side of the target site was notably
lower compared to the left gRNA, and resulted in mutation in only two of the samples with the

highest observed mutation value being 7.6%.
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Table 18: Mutation ifng target site, MiSeq results.

Sample % indels
101 35%
102 18 %
103 5.6 %
104 4.1 %
105 11.1 %
106 3.4%
107 55%
108 9 %

Table 19: Mutation ifng target site L+R, MiSeq results. Samples from group ifig target site L+R where the
two different gRNAs are separated to find their individual efficiency. No data for sample 604.

Sample % L indels % R indels Total reads
601 88.3 % 7.6 % 138723
602 29.6 % 0% 384367
603 54 % 0% 231722
604 - - -

605 94.4 % 1.7 % 341193
606 100 % 0% 6187

607 123 % 0% 351196
608 91.7 % 0% 247892

4.2.3.2 miR-223

The gRNA cutting on the left side of the miR-223 exhibited poor effectiveness, as only one
sample (703) had detectable indels in 0.4% of the reads (Table 20). On the other hand, the right
gRNA demonstrated marginally better efficiency, with an average of 2.4%.
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Table 20: Mutation miR-223 L+R, MiSeq results. Left and right gRNAs on each side of miR-223 are separated

to calculate their individual efficiency.

Sample % L indels % R indels Total reads
701 0 % 22% 138863
702 0 % 1.3 % 127024
703 0.4 % 2% 127717
704 0 % 0.5 % 95327
705 0 % 5.6 % 111546
706 0% 6.6 % 109089
707 0 % 0.8 % 93164
708 0% 0 % 58619

4.2.3.3 myd88

The gRNA targeting the myd88 target site showed very high efficiency, as indicated by three
samples exhibiting over 80% mutation rate, with the highest at 99.5% and an average of 67%
mutation (Table 21). myd§8 target site group had the most consistent high mutation levels, and

therefore being a natural group for further investigations.

Table 21: Mutation myd88 target site, MiSeq results.

Sample % indels
401 80.7 %
402 77.4 %
403 47.2 %
404 88.5 %
405 64 %
406 51.5%
407 42.9 %
408 99.5 %
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4.2.3.4 miR-144

The final group sent for MiSeq deep sequencing was injected with gRNA targeting miR-144
L+R. Similar to the miR-223 group, these injections resulted in one gRNA working while the
other did not. The left gRNA targeting miR-144 only showed mutations in two of the samples
(Table 22). However, the right gRNA showed a high mutation frequency for all the samples
with an average of 61.6%. None of the two miR groups (miR-223 and miR-144) were further

studied in this thesis.

Table 22: Mutation miR-144 L+R, MiSeq results. Left and right gRNAs on each side of miR-144 are separated

to calculate their individual efficiency.

Sample % L indels % R indels Total reads
501 0 % 70.7 % 133219
502 1.4 % 92.8 % 158770
503 2.4 % 852 % 127380
504 0 % 56.3 % 233508
505 0 % 40.9 % 238481
506 0 % 41.6 % 157870
507 0 % 35.5% 270829
508 0 % 69.9 % 3628

4.2.4 qPCR

A mutated miR binding site can affect the mRNA stability and with the result from sequencing,
we wanted to study the mRNA quantity by qPCR. To confirm the effect of the myd8§8 KO we
ran another injection with myd88, and extracted RNA from six injected individuals and six
controls. First we ran a standard curve for the target gene (myd88) and the housekeeping genes
(elfla and tubalc) to determine their efficiency (Figure 13). The efficiency should be between
90 - 110 %, where the housekeeping gene, tubalc, had a bit lower efficiency at 84.9%. Figure
14 displays the anticipated qPCR result where samples inside the individual genes show a range

of one cycle. While the result in the injected samples in Figure 15 display a broad spread in the

45



number of cycles between different extremes when expecting them to be aligned. Results of
injected samples with the housekeeping gene elfala demonstrated a significant range, spanning
from 14 to 36 cycles. Injected samples with the housekeeping gene fubalc also showed a huge
span in cycles, varying from 20 to 37 cycles. In contrast, the injected samples with myd§8
exhibit a less pronounced spread, with individual samples ranging from 22 to 26 cycles. Due
to the extensive variability observed among samples within the different genes for the injected
group, the wide range makes it difficult to rely on the results compared to the controls.

Consequently, we decided to investigate the integrity of the RNA using Agilent Bioanalyzer.
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Figure 13: Standard curve for target gene (myd88) and housekeeping genes (elfla and fubalc). Testing the
gPCR primers with standard curve. Ct (threshold cycle) against the logarithm of the starting template

concentration. Figure taken from Design and Analysis Software.
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Figure 14: qPCR amplification plot for controls. Each line represents an individual sample (sample 1207-
1212), fluorescent signal (ARn) against the number of PCR cycles. During the exponential phase, the PCR product
doubles per cycle. The color represents which gene the sample contains. Figure taken from Design and Analysis

Software.
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Figure 15: qPCR amplification plot for myd88 injections. Each line represents an individual sample (sample
1201-1206), fluorescent signal (ARn) against the number of PCR cycles. During the exponential phase, the PCR
product doubles per cycle. The color represents which gene the sample contains. Figure taken from Design and

Analysis Software.

4.2.5 Agilent Bioanalyzer

To find the reason for extensive variability between the samples we chose to redo the injections,
but with extended controls. We therefore did another round of injections with myd88 gRNA,
dH-0, albino gRNA, and uninjected controls. The zebrafish larvae were sampled at 5 dpf in
pools of 13 individuals from the group injected with albino gRNA or dH-O, and pools of 17
individuals injected with the myd88 gRNA. The different number of individuals in the pools
are due to the amount of albino phenotype and survival in the different petri dishes. RNA was
extracted, and to check the RNA quality, the samples were run through the Agilent Bioanalyzer.
All of the samples injected with myd88 had RIN value under 8, with lowest of 3.4 and highest
at 6.8 (Figure 16). RIN values for injected groups with dH-O and albino together with controls
were of satisfying quality (Figure 17). Gel on Figures 16 and 17 show how insufficient the
group injected with myd88 was with a lot of fragments in different sizes, indicating degradation.
This shows that injection in itself doesn't cause the degradation, nor the CRISPR/Cas9, but

indicates that injections of the myd88 gRNA is the cause.

47



s g8 8 & &8 & 5 &8 & =& Z =
5] S &8 &8 &8 &8 8 8 & & & 8 7§
L 2 &2 & & © o 9 O O o 9
2 24 a4 2 24 a0 a2 2 a2 o @00 o
s & & & & E E §E E & E §
n A wvn o wvna nn  wvuo..wvn wv owvvu w1 w1 v W
5 ©~ O < @~ o — < O 9~ ow»n
I S T B - S - S B S
z z z zZ Zz zZ z z z z z z
g5 —- R & & 2 £ B £ &2 £ 2 & &
&0 — 28S
55 —
18S
gD —
45 —
40_ -
! |
T T
35— O e
20 —
15 —

Figure 16: Gel displaying injected (1myd88) and control RNA samples from Agilent Bioanalyzer. Gel showing
different fragments and their size in seconds, showing how many seconds it took before the band passed in front
of the detector, on the left side. Ladder on the left is used as a reference, with bands on 200, 500, 1000, 2000,
4000 and 6000 bases. The green line is position of the marker added to the wells, and the software uses it as

reference to align all samples. RIN values between gel and sample id. myd88 injections in sample 2001-2006 and
control sample 2007-2012.
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Figure 17: Gel displaying injected (albino and dH:0O) and control RNA samples from Agilent Bioanalyzer.
Gel showing different fragments and their size in seconds, showing how many seconds it took before the band
passed in front of the detector, on the left side. Ladder on the left is used as a reference, with bands on 200, 500,
1000, 2000, 4000 and 6000 bases. The green line is position of the marker added to the wells, and the software
uses it as reference to align all samples. RIN values between gel and sample id. Injections only with albino gRNA

in sample 3101-3104, injections with dH2O in sample 3105+3106 and control sample 3107-3110.
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5 Discussion

5.1 Base editing

To our knowledge, base editing has not been previously described and reported in salmon. As
shown in this thesis, base editing was shown to have very high efficiency in converting a target
base from C to T to induce a stop codon in the albino gene. The result from MiSeq deep
sequencing revealed an 66.5% average efficiency of changing one base of the eight sampled
larvae. All sampled individuals exhibit a high percentage of correct conversion. The individuals
with the clearest albino phenotype were sampled first, and they also had the highest percentage
of correct conversion at 89.1% (sample 6101) and 87% (sample 6102), respectively. Base
editing has several benefits, one of them is that it contains a modified Cas9, which will not
make a DSB in the DNA. This may significantly reduce the off-target effects, providing greater
control over gene editing. Despite this promise of decreased off-target effects, we found
examples of both by-stander edits, incorrect conversions, insert and deletions, indicating that
this technology still has room for improvement. Another benefit with base editing is the
possibility to change one amino acid or introduce a premature stop codon with high efficiency,
and this can be useful for studying effects already in injected individuals in the FO generation.

On the other hand, this Cas9 gives indels despite that it should not give DSB.

5.2 Casl12 KO and KI

As with base editing, Cas12 has previously neither been described nor reported in salmon.
Casl2, a more recent gene editing tool compared to Cas9, broadens the scope of gene editing
by being able to make edits in locations where Cas9 is unable. Cas12 recognizes the PAM
sequence of TTTV making it possible to make genetic changes in T rich areas, where Cas9 has
no PAM site. For CRISPR/Cas12 mediated KI, previous studies in zebrafish have shown that
when using ODN, designed complementary to the target or the non-target strand, only the target
ODN design worked (Moreno-Mateos et al., 2017). Therefore, in this study, we wanted to test
both target and non-target ODN templates for CRISPR/Cas12 mediated HDR. Casl2
recognizes the PAM site on the non-target strand and binds to the target strand (opposite strand
than the one with PAM site). Deep sequencing revealed that both target and non-target KI of
FLAG did work, and with higher efficiency than expected. Target group had a perfect FLAG

insert of 3.2% on average, with the highest occurrence of 34.3%. The non-target group had a
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very high percentage of perfect FLAG insert of 6.7% on average, with the highest sample
having as much as 54.9% perfect inserted FLAG sequences. Results from this study are similar
to results obtained in a study done by Straume et al. (2020), using Cas9. Together with the high
observed effect of perfect HDR, the KO effect was also very high for all samples. This is an
indication of how efficient the Cas12 cutting tool is, with the average KO among all samples

as high as 57.8%.

5.3 miR binding elements in 3"UTR in zebrafish

5.3.1 Zebrafish as a model

Zebrafish is a widely used model organism. Due to the prolonged generation time and limited
availability of salmon eggs throughout the year, coupled with the space requirements, zebrafish
can work as an excellent species for testing of new technology before implementing this in
salmon. Genes chosen for this study (ifng and myd88) were selected for their early expression
and few miR binding sites together with being immune genes. ifng being the gene of greatest

interest as it only has one miR binding that is also found in salmon.

5.3.2 ifng

Injections of Casl2 protein, along with gRNA targeting the miR target site in ifng, were
performed to influence the mRNA stability. One group of injections included only a single
gRNA targeting the middle of the target sequence to disrupt it. MiSeq deep sequencing revealed
that this approach was effective, resulting in varying levels of mutation in all sampled
individuals, with the highest instance at 35%. Another group of injections involved one gRNA
on each side of the target site trying to KO the entire miR binding site. For this approach to be
successful, both of the gRNAs needed to work. Unfortunately, in this study, only the left gRNA
was effective. The left gRNA had high efficiency, resulting in an average mutation rate of
67.2% according to MiSeq deep sequencing. The right gRNA showed low effectiveness with
only mutation in two of the samples, with highest occurrence at 7.6%. This group holds
potential for further studies, particularly by designing new gRNA cutting on the right side of
the target site, and achieving KO of the whole target site.
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Additionally, the prioritization of ifng was influenced by its expression. The gel indicated that
ifng was not expressed at 5 dpf, despite initial information at The Zebrafish Information
Network (ZFIN, www.zfin.org) suggesting early developmental expression. Further studies
should be conducted to identify when ifng are expressed. Nevertheless, ifng remains an
interesting gene to follow up due to its possession of a single miR target site as well as having

target site in salmon, which is the ultimate goal, to directly apply this to salmon.

5.3.3 miR-223 and miR-144

Each miR has multiple miR target sites, and by KO a specific miR target site in the 3"UTR of
a specific gene, only that particular gene is affected. That gene should, along with other genes
having binding sites for this miR, also be affected if the miR itself is KO’ed. We therefore tried
to KO miR-223 and miR-144 to see if this would lead to increased expression of ifng and myd§8,
respectively. For both injected groups, miR-223 and miR-144, Cas9 protein and one gRNA on
each side of the miR were injected into zebrafish eggs. MiSeq deep sequencing of miR-223
demonstrated low efficiency for both gRNAs, with the left gRNA being ineffective and the
right gRNA having an average mutation rate of 2.4%. Results from miR-144 revealed that the
left gRNA was not efficient, while in contrast, the right gRNA exhibited a very high efficiency

with average mutation rate at 61.6%.

5.3.4 mydS§8

Injections with Cas9 protein and gRNA targeting the miR-144 target site in the 3’UTR of
myd88 showed 67% mutation on average, from data obtained from MiSeq deep sequencing.
The highest mutation observed was at 99.5%, and only two samples had under 50% mutation
rate (42.9% and 47.2%). The high mutation rate for this gRNA gave reasons to carry out

experiments to see if the myd88 mRNA levels were affected.

If the CRISPR technology actually disrupts the miR binding site in the 3'UTR of myd88
mRNA, it could potentially lead to increased stability and translation of the myd88 mRNA.
This, in turn, could result in increased myd88 protein expression, which plays a crucial role in
the innate immune response. Increased myd88 expression could also potentially lead to

increased cellular stress and RNA degradation. This is because myd88 is involved in signaling
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pathways that activate inflammatory responses, and chronic inflammation has been shown to
contribute to cellular stress and RNA degradation (Uchida et al., 2019). Our observation of
RNA degradation is not due to either CRISPR nor the injections itself, as checked in the groups
only injected with albino gRNA and dH:0O. Therefore, it is possible that the CRISPR KO of the
myd88 miR binding site could impact the mRNA stability and contribute to the observed RNA
degradation in the injected zebrafish samples, as demonstrated by the Agilent Bioanalyzer

results.

5.4 Conclusion and further perspectives

Work in this thesis has provided crucial advancement in the field of CRISPR technology by
base editing and Cas12 (both KO and KI), which has not been previously reported in salmon,
and will be important tools for further studies towards a more robust salmon. The findings from
the zebrafish experiment in this thesis can be implemented for future studies in salmon,
highlighting the utility of zebrafish as a model organism for salmon research. One of the major
advantages of using zebrafish in this study was the ability to perform multiple injections, which
would have been too time consuming if conducted in salmon. Although there were varying
results in the effect of the different gRNA, we still believe in the strategy for disrupting miR
target sites is valid, and this project will continue with further investigations. In this project we
tested out several hypotheses in zebrafish, and possibly making a model for salmon. Although,
myd88 may not be as good a model for salmon, as KO of the target site in 3’'UTR in mRNA
seemingly leads to RNA degradation and the gene being important for early immune response.
ifng on the other hand, could still be a great target, the gRNA used to KO the target site showed
promising results, and we have strong belief in its potential for further studies, including KO

of the target site in salmon.
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7 Appendix

Table Al: Primer sequences. Letters written in cursive indicates adapter sequence.

Primer Sequence (5°- 3)

ifng MiSeq_F TCTTTCCCTACACGACGCTCTTCCGATCTTCAGTGCCTAAAATGGTGTG

ifng MiSeq R TGGAGTTCAGACGTGTGCTCTTCCGATCTGCATTTATTTAGTCATAGACTTTACC

myd88 MiSeq F | TCTTTCCCTACACGACGCTCTTCCGATCTCACAAATCAAAACATCACTCAGC

myd88 _MiSeq R | TGGAGTTCAGACGTGTGCICTTCCGATCTCTAACCAACAACAGAGAGAAAG

miR223 MiSeq F | TCTTTCCCTACACGACGCTCTTCCGATCTTGACCTTCCTGCTGCAAACC

miR223 MiSeq R | TGGAGTTCAGACGTGTGCICTTCCGATCTGAGAGTAACAGGATCGCATGG

miR144 MiSeq F | TCTTTCCCTACACGACGCTCTTCCGATCTGGTCAAATGTGATTTTAGATGC

miR144 MiSeq R | TGGAGTTCAGACGTGTGCTCTTCCGATCTAGCAGAACCCTTACCATTAC

Albl_MiSeq_F TCTTTCCCTACACGACGCTCTTCCGATCTGGATTCTTCCTGTTGTGACACC

Albl MiSeq R TGGAGTTCAGACGTGTGCTCTTCCGATCTGAGGTTATTCCACGTATCTGATG

Casl2_Alb2 exl | TCTTTCCCTACACGACGCICTTCCGATCTGCTATGTCCCTCCTCACAGG
MiSeq F

Casl2_Alb2 exl | TGGAGTTCAGACGTGTGCTCTTCCGATCTGCTGATCAGCCACACAAGGC
MiSeq R

elfla F CTCCTCTTGGTCGCTTTGCT

elfla R GCCTTCTGTGCAGACTTTGTGA
tubalc F TGCCTCAATCTTGGACAGTG
tubalc R TGGATGCCATGCTCAAGAC
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Table A2: Contents of E3 clear.

NaCl 8.62

CaCL» 1.45g

MgSOs 2.45¢g
KCl 0.38g
dH,0 5dl

Table A3: Contents of E3 blue, embryo medium.

E3 stock 33ml
RO-water 2L
Methylene blue 2 drops

NaHCO:s 250mg

Table A4: gRNA sequences for base edit and Cas12 KO and KI. PAM sites are underlined.

gRNA Sequences (5°-3")
Base edit GGCTCAGATCATCGTGGGGGCGG
Cas12_ ODN TTTGGAAGGGAATTTTGCTATGCG
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Table AS: Colors referring to groups in Figure 7.

Sample | Name Species Sampled | Individual/pool | Analyzes Mutation
sanger
101 ifng targetsite | Danio rerio 3dpf individual DNA yes
extraction
102 ifng targetsite | Danio rerio 3dpf individual DNA no
extraction
103 ifng targetsite | Danio rerio 3dpf individual DNA no
extraction
104 ifng targetsite | Danio rerio 3dpf individual DNA no
extraction
105 ifng targetsite | Danio rerio 3dpf individual DNA no
extraction
106 ifng targetsite | Danio rerio 3dpf individual DNA no
extraction
107 ifng targetsite | Danio rerio 3dpf individual DNA no
extraction
108 ifng targetsite | Danio rerio 3dpf individual DNA no
extraction
109 ifng targetsite | Danio rerio 3dpf individual DNA yes
extraction
110 ifng targetsite | Danio rerio 3dpf individual DNA no
control extraction
601 ifng targetsite | Danio rerio Sdfp individual DNA L: yes R:
L+R extraction no
602 ifng targetsite | Danio rerio Sdpf individual DNA L:noR:
L+R extraction yes
603 ifng targetsite | Danio rerio Sdpf individual DNA L: yes R:
L+R extraction no
604 ifng targetsite | Danio rerio Sdpf individual DNA L: yes R:
L+R extraction yes
605 ifng targetsite | Danio rerio Sdpf individual DNA L: yes R:
L+R extraction no
606 ifng targetsite | Danio rerio Sdpf individual DNA L: yes R:
L+R extraction yes
607 ifng targetsite | Danio rerio Sdpf individual DNA L:noR:
L+R extraction no
608 ifng targetsite | Danio rerio Sdpf individual DNA L: yes R:
L+R extraction no
609 ifng targetsite | Danio rerio Sdpf individual DNA no
L+R WT extraction
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610 ifng targetsite | Danio rerio Sdpf individual DNA no
L+R control extraction
701 miR223 Danio rerio Sdpf individual DNA NaN
extraction
702 miR223 Danio rerio Sdpf individual DNA NaN
extraction
703 miR223 Danio rerio Sdpf individual DNA NaN
extraction
704 miR223 Danio rerio Sdpf individual DNA NaN
extraction
705 miR223 Danio rerio Sdpf individual DNA NaN
extraction
706 miR223 Danio rerio Sdpf individual DNA NaN
extraction
707 miR223 Danio rerio Sdpf individual DNA NaN
extraction
708 miR223 Danio rerio Sdpf individual DNA NaN
extraction
709 miR223 WT Danio rerio Sdpf individual DNA NaN
extraction
710 miR223 contro | Danio rerio Sdpf individual DNA NaN
1 extraction
401 myd88_targetsi | Danio rerio Sdpf individual DNA yes
te extraction
402 myd88_targetsi | Danio rerio Sdpf individual DNA yes
te extraction
403 myd88_targetsi | Danio rerio Sdpf individual DNA no
te extraction
404 myd88_targetsi | Danio rerio Sdpf individual DNA yes
te extraction
405 myd88_targetsi | Danio rerio Sdpf individual DNA yes
te extraction
406 myd88_targetsi | Danio rerio Sdpf individual DNA no
te extraction
407 myd88_targetsi | Danio rerio Sdpf individual DNA no
te extraction
408 myd88_targetsi | Danio rerio Sdpf individual DNA yes
te extraction
409 myd88_targetsi | Danio rerio Sdpf individual DNA no
te WT extraction
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410 myd88_targetsi | Danio rerio Sdpf individual DNA no
te_control extraction
301 myd88_targetsi | Danio rerio Sdpf individual DNA L:noR:
te L+R extraction no
302 myd88_targetsi | Danio rerio Sdpf individual DNA L:noR:
te L+R extraction no
303 myd88_targetsi | Danio rerio Sdpf individual DNA L:noR:
te L+R extraction no
304 myd88_targetsi | Danio rerio Sdpf individual DNA L:noR:
te L+R extraction no
305 myd88_targetsi | Danio rerio Sdpf individual DNA L:noR:
te L+R extraction no
306 myd88_targetsi | Danio rerio Sdpf individual DNA L:noR:
te L+R extraction no
307 myd88_targetsi | Danio rerio Sdpf individual DNA L:noR:
te L+R extraction no
307 myd88_targetsi | Danio rerio Sdpf individual DNA L:noR:
te L+R extraction no
309 myd88_targetsi | Danio rerio Sdpf individual DNA no
te L+R WT extraction
310 myd88_targetsi | Danio rerio Sdpf individual DNA no
te L+R contro extraction
1
501 miR 144 Danio rerio Sdpf individual DNA NaN
extraction
502 miR 144 Danio rerio Sdpf individual DNA NaN
extraction
503 miR 144 Danio rerio Sdpf individual DNA NaN
extraction
504 miR 144 Danio rerio Sdpf individual DNA NaN
extraction
505 miR 144 Danio rerio Sdpf individual DNA NaN
extraction
506 miR 144 Danio rerio Sdpf individual DNA NaN
extraction
507 miR 144 Danio rerio Sdpf individual DNA NaN
extraction
508 miR 144 Danio rerio Sdpf individual DNA NaN
extraction
509 miR144 WT Danio rerio Sdpf individual DNA NaN
extraction
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510 miR144 contro | Danio rerio Sdpf individual DNA NaN
1 extraction
1101 ifng targetsite | Danio rerio Sdpf individual RNA -
L extraction +
cDNA
1102 ifng targetsite | Danio rerio Sdpf individual RNA -
L extraction +
cDNA
1103 ifng targetsite | Danio rerio Sdpf individual RNA -
L extraction +
cDNA
1104 ifng targetsite | Danio rerio Sdpf individual RNA -
L extraction +
cDNA
1105 ifng targetsite | Danio rerio Sdpf individual RNA -
L extraction +
cDNA
1106 ifng targetsite | Danio rerio Sdpf individual RNA -
L extraction +
cDNA
1107 ifng targetsite | Danio rerio Sdpf individual RNA -
L extraction +
cDNA
1108 ifng targetsite | Danio rerio Sdpf individual RNA -
L extraction +
cDNA
1109 ifng targetsite | Danio rerio Sdpf individual RNA -
L extraction +
cDNA
1110 ifng targetsite | Danio rerio Sdpf individual RNA -
L extraction +
cDNA
1111 ifng targetsite | Danio rerio Sdpf individual RNA -
L control extraction +
cDNA
1112 ifng targetsite | Danio rerio Sdpf individual RNA -
L control extraction +
cDNA
1113 ifng targetsite | Danio rerio Sdpf individual RNA -
L control extraction +
cDNA
1114 ifng targetsite | Danio rerio Sdpf individual RNA -
L control extraction +
cDNA
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