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Abstract

Most of the aquaculture industry relies on the female production stock because male rapidly
leads to sexual development which causes poorer flesh quality and has increased chances to
disease susceptibility. The sdY gene was recently discovered as a master sex-determining
gene in Rainbow trout and the gene is considered to be conserved in most of the salmonid
species. Four species of Salmonid (Salmo trutta, Salmo salar, Salvelinus alpinus and Salmo
marmoratus) was selected for this study. Partial mRNA sequences of the sdY gene are
available of Salmo trutta, Salmo salar and Salvelinus alpinus at NCBI. These partial mRNA
sequences were used to design primers with the aim to amplify and determine the full-length
sdY mRNA (cDNA) of Salmo trutta, Salmo salar and Salvelinus alpinus. hiTAIL PCR and
3' RACE was performed to obtain 5' and 3' end of the sdY gene and based on this new
sequence information, primers were designed for PCR-based and HRM analysis genotyping
methods to differentiate male and female samples. Duplex and triplex PCR-based
genotyping were developed. Both the duplex and triplex PCR-based genotyping methods do
not able to differentiate the sex of the selected species. HRM analysis using the same sets of
primers as in duplex and triplex PCR-based genotyping can readily able to differentiate the
sex of the selected species. The developed methods of genotyping cannot be concluded as
the best method until we will not test these methods with more sex identified samples of

these species.



1. Introduction

Sex determination and differentiation are an important aspect of study in the field of
vertebrate reproductive biology. Sexual reproduction is a biological feature of most
vertebrates. But the mechanisms of sex determinations-, i.e. the production of individuals
with male or female phenotypes are diverse and affected by both genetic and environmental
factors (Graves & Peichel, 2010). There are more than 2800 species of fish distributed in the
large variety of habitats around the world (Nelson, 1994). In some species, an individual
develops as either male or female and remains male and female for its lifetime
(gonochoristic species). In other species, some individuals are a hermaphrodite, a
combination of both sexes. Some hermaphroditic individuals can be either sequential or
synchronous. Sequential hermaphrodites individuals develop first as one sex (male—
protoandrous/female-protogynous) and later convert to the opposite sex. While in a case of
synchronous hermaphrodites individuals produce and maintain functional male and female

gametes simultaneously throughout their life (Devlin & Nagahama, 2002).

1.1 Sex determination and sex differentiation

Sex determination is defined as the genetic or environmental processes that determine the
sexual characteristics in an organism. The sex differentiation refers to the process of gonadal
development once sex has been determine, i.e. the gene determine whether the gonads

follows the ovarian or testicular differentiation pathway (Hayes, 1998).

1.2 Sex determination mechanism

There are two mechanisms of sex determination recognized in vertebrate, genetic sex
determination (GSD) and Environmental sex determination (ESD) mechanisms. GSD is a
mechanism in which genes directly determine whether the gonads will differentiate into
testes or ovaries without environmental (external) influences while in ESD mechanism sex

of individuals is determined by environmental factors.



1.2.1 Genetic sex determination (GSD)

Genetic sex determination involves male heterogamete (XY) as in mammals and female
heterogamete (ZW) as in bird. Male heterogametic species have chromosome X and Y, and
all female have two X chromosomes. Zygotes most have X and Y, chromosome to become
male or two X chromosomes to become a female. In the case of female heterogametic
system, it is reversed to male heterogametic system i.e. females have Z and W chromosomes
and two Z chromosomes for all males. There are other genetic sex determining mechanism,
as XO system observed in the mole-vole (Ellobius Ilutescens), allele specific mechanisms
identified in two fish species, namely- Takifugu rubripes (Kamiya et al., 2012) and Oryzias
luzonensis (Myosho et al., 2012), or haplo-diploidy, where males arise from unfertilized eggs

and females arise from fertilized eggs (Freeman, Herron, HHodin, Miner, & Sidor, 2007).

1.2.2 Male heterogamete

In male heterogametes, males will always be the heterogametic sex. This mechanism can
exist in one of two forms i.e. either a female sex-determining factor on the X chromosome is
required in a dosage-dependent manner where two copies are required for female gonad
development or a male sex-determining factor on the Y chromosome initiates the male
pathway. Currently different heterogametic male master genes have been discover like the
Sry gene in mammals (Koopman, Miinsterberg, Capel, Vivian, & Lovell-Badge, 1990;
Sinclair et al., 1990), DMY in the Medaka fish (Matsuda et al., 2002), DMRT]1 in chicken
(Smith et al., 2009).

The male sex-determining factor which acts as an activator for a male pathway (Sry in
mammals) or a suppressor of the female pathway or both are not conserved among
vertebrates (Devlin & Nagahama, 2002; Kikuchi & Hamaguchi, 2013). For example, in
Medaka (Oryzias latipes) the sex-determining master gene Dmy is not found in many closely
related species that also possess a male heterogametic sex-determining system (Kondo et al.,
2003; Myosho et al., 2012). In many more species of the Oryzias genus lack a known sex-
determining gene even though they have an identified male or female heterogametic sex
determining system (Takehana, Hamaguchi, & Sakaizumi, 2008; Takehana, Naruse, &
Sakaizumi, 2005). Freshwater fish Patagonian perjerry (Odontesthes hatcheri) possesses a

duplicated Y-linked anti-mullerian hormone gene (amhy) which is the first master sex-
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determining gene at the hormone level to dictate phenotypic sex (Hattori et al., 2012). Till
now no male heterogametic systems are known to possess a female promoting master sex-

determining gene (Cutting, Chue, & Smith, 2013).

1.2.3 Female heterogamete

Birds have female heterogametic (ZZ/ZW) system in which a male promoting gene dmrtl
does act in a dosage-dependent manner where two copies are required for the male and a
single copy of dmrtl results in female development (Hudsonb & Sinclaira, 2007; Smith et
al., 2009). The function of dmrtl has not been tested on other birds rather than the chicken
although dmrtl conserved presence on the Z and absence from the W across birds suggest a
conserved function in birds (Chue & Smith, 2011; Smith et al., 2009). The African clawed
frog ( Xenopus laevis ) which possesses Dm-W gene which acts like a female promoting
master sex-determining gene (Yoshimoto et al., 2008). Above mention, both cases are
opposite then the male heterogametic system observed in mammals. Females are

heterozygous (ZW) and males are homozygous (ZZ).

1.2.4 Allelic sex determination

Some recent publication shows that a single base pair change in a gene can determine the sex
of the species as in the tiger puffer fish (Takifugu rubripes) and Oryzias luzonensis, a closely
related species to Medaka. An allele of Amhr2 in the tiger puffer fish where the presence of
a G/C SNP denotes male phenotype while C/C denotes female phenotype (Kamiya et al.,
2012). In Oryzias luzonensis, a closely related species to Medaka, Dmy is absent and
instead an allele of gsdf (gonadal soma derived growth factor) controls maleness (Myosho et

al., 2012).



11

1.3 Environmental sex determination

Several environmental factors are capable of influencing the proportion of sexes, such as
temperature as seen in many reptiles (Shoemaker & Crews, 2009), social interactions are
mainly observed in hermaphroditic species (Devlin & Nagahama, 2002) and the level of pH

influence offspring sex.
1.3.1 Temperature

The temperature fluctuation influences fish biochemical pathway of sexual determination
and act upon individual to induce male or female, as in reptile and amphibians. In many
reptiles like turtles, crocodiles, tuataras and some lizards incubation temperature of the
developing embryo can determine the sex. For example, in the red-eared slider turtle
(Trachemys scripta) increase in incubation temperature from 26 °C to 31 °C promotes female
development while the American alligator (A/ligator mississippiensis) temperature range

from 32.5 °C to 33 °C is female developing temperatures (Shoemaker & Crews, 2009).

Temperature is the factor with highest influence in the sex determination in fish (J. Baroiller,
d'Cotta, & Saillant, 2008; Ospina-Alvarez & Piferrer, 2008). Male to female ratio increases
with high temperatures and low temperatures have no effect or produce more females (J.-F.
Baroiller, Guiguen, & Fostier, 1999; Ospina-Alvarez & Piferrer, 2008). This type of
response can be observed in various freshwater and marine families such as: the Atherinids
(Menidia menidia, Odonthestes bonariensis, O. argentinensis , Patagonina hatcheri);
Poecilids (Poeciliopsis lucida, Poecilia melanogaster); Cichlids (various Apistogramma sp.
and tilapias); Cyprinids (Misgurnus anguillicaudatus, Carassius auratus); Callichthyidae
(Hoplosternum littorale), Pleuronectidae (Verasper moseri) (J.-F. Baroiller et al., 1999). In
some rare species like channel catfish (Ictalurus punctatus) high temperatures tends to
produce more female and low temperatures produce more male (Patifio et al., 1996). In case
of the Japanese hirame (Paralichthys oliaceus) both high and low temperatures produce male
population while the intermediate temperatures produce both male and female in 1:1 ratio

(Yamamoto, 1999).
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1.3.2 Social factor

The influence of social factor in sex-determination and differentiation play a significant role
in hermaphroditic species. In some species sex is controlled by the level of dominance with
respect to other population like, size compared to other in the population, number of
individuals of males or females in the population and potential pheromones or chemical
stimuli present (Devlin & Nagahama, 2002). In a case of protogynous species Red sea fish
(Anthias squamipinnis) presence of a dominant male prevent the sex reversal of large group
of females and when the male is moved to another tank one of the larger females in the
group will sex-reversed to become male (Fishelson, 1970). Likewise, bidirectional inversion
has been observed in Gobiidae (Trimma okinawae) largest female of the breeding group
changes sex following removal of the dominant male, such resultant males retain both
ovarian and testicular tissue and able to undergo a second sex reversal back to female if

another larger male is placed in the group (Sunobe & Nakazono, 1993).
1.3.3 pH

Influence of pH on the sexual proportion has been reported in Pelvicachromis pulcher , 90%
of males develop at pH 4-5 and 90 % of females develop in neutral pH (7.0) (Heiligenberg,
1965). A similar result has been observed for the three species of Pelvicachromis and for
two species of Apistogramma , low pH (< 6.0) induce high proportion of males and neutral
pH (7.0) produced a high proportion of females in the population (Rubin, 1985). However,

the effect of pH is less effective than the impact of the temperature.

1.4 Sex determining pathway

The sex determining pathway means a complex series of activation of signal that lead to sex
determination and differentiation. Sex determination and differentiation among vertebrate
shares genetic pathway of sex determining although follow various sex determining
mechanisms. Many genes responsible for common sex determining genetic pathway are

known for activation of testis differentiation in all vertebrates (Graves, 2008).
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1.4.1 Sex determination in mammals

Sex determination and differentiation share many conserved components among vertebrate
the analysis of the sex-determining pathway in one vertebrate can discernment the pathways
of many other vertebrates (Devlin & Nagahama, 2002). The gene involved in the sex-

determining pathway in mammals is illustrated in figure 1.
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Figure 1. A simplified model highlighting some important genes involved in mammalian gonad

differentiation pathway. Figure from (Li, 2010)

Gonad is initially undifferentiated and bipotential, sex of the individual is determined by the
presence or absence of Sry. There are several antagonistic protein that influences the sex of
individual such as wingless related MMTYV integration site 4 (Wnt4) is a female promoting
gene which is predominantly expressed at one end of the gonad. Fibroblast growth factor 9
(FGF9) is a male promoting gene which is predominantly expressed at the other end
(Munger & Capel, 2012). These antagonistic protein influence neighbouring cells by the
appropriate receptor leading to respective pathways (Bernard et al., 2011; Eggers & Sinclair,
2012). Gain and loss of experiments suggest FGF9 and WNT4 act as opposing signals to
regulate sex determination (Kim et al., 2006). Some finding shows that both male and female
pathways appear to be primed to go in both XX or XY embryos suggest the gonad is capable
of becoming male or female even in the absence of Sry (S. A. Jameson et al., 2012). In the
absence of Sry the female pathway becomes dominant after a short period of time (~1.5 days

in mice) and as a result is termed the default pathway(Hiramatsu et al., 2009).
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The Sry protein is a transcriptional factor containing the high mortality group (HMG)
domain that bind to the a six base consensus DNA sequence will introduce a bend which
leads to activation of downstream genes (Graves et al., 1995; Waters, Wallis, & Graves,
2007). Its intronless gene structure plays the important role for finding sex-determining
master genes in other species. Even though the function of Sry is crucial, it is poorly
conserved within the HMG box region. SOX9 is closely related to Sry, which is another
essential gene that influence testis development (Graves, 2008). Genes like Dax-1 are
necessary for the initiation of the female pathway in sex determination (Sinisi, Pasquali,
Notaro, & Bellastella, 2002). SOX9 or DMRT]1 genes that encode a protein with a zinc-
finger DNA binding domain (DM domain) involve in the pathway according to the dosage
dependency (J. L. Jameson, Achermann, Ozisik, & Meeks, 2003; Raymond et al., 1999). If
SOX9 does not reach the pre-determined level, the supporting cell will follow female
pathway (Munger & Capel, 2012). Even after the particular pathway has been chosen that
path must be maintained; therefore Wnt4 and other female promoting factor must continually
repress male promoting genes and likewise the reverse is for maintenance of testis in males

(Matson et al., 2011; Uhlenhaut et al., 2009).

1.4.2 Sex determination in fishes

Ray-finned fishes (Actinopterygii) are the common ancestor of mammals which diverged
from lobe-finned fishes approximately 450 Mya (Kumar & Hedges, 1998). There are about
twenty four thousand teleost fish species worldwide; these are a monophyletic group in ray-
finned fishes (Christoffels et al., 2004). Most of the fish species utilizing genetic
mechanisms for sex determination have homomorphic sex chromosomes and most of the YY
males are viable like in Tilapia (Kobayashi & Nagahama, 2008). YY males of many species
are fertile; this indicates that the Y-chromosomes still contain functional autosomal genes.
The sex chromosomes might still be in the early stage of evolution for the fish species that
utilize genetic sex-determining mechanism. About only ten percentage of the cytogenetically
characterized fish species have well-defined sex chromosomes (Devlin & Nagahama, 2002).
Environmental factor plays a significant role in sex determination for those species which
carry homomorphic sex chromosome. A hypothesis proposed by Devline and Nagahama
(2002), autosomal gene could cause the replacement of the original sex chromosome once a

new mutation occurred which could dominants the effect of existing sex-determining gene.
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In case of Medaka, has XX/XY sex-determining system as in human. Oogenesis of Medaka
early begins in females and the number of germ cells in females is much greater than in
males only after 8 to 10 days post-fertilization. On the other hand, spermatogenesis begins
after 5 to 6 weeks of post fertilization (Saito & Tanaka, 2008). Two methods were performed
to identified the sex determining master gene in medeka, one method was to find candidate
genes that are known to be involved in sex-determination and differentiation in other
vertebrates and check if any candidate was located on the sex linkage group. Another
method was positional cloning by chromosome walking from sex-linked markers towards
the end of the sex chromosome. Both method identified Dmy (DM domain gene on Y
chromosome) as the sex determining master gene in medaka. Mutation in dmy cause XY fish
to females (Matsuda, 2003; Otake, Shinomiya, Matsuda, Hamaguchi, & Sakaizumi, 2006).
Dmy is ortholog of DMRT], is the only sex determining gene has been found in fish species.
It is concluded that Dmy was transposed on to the chromosome 1 after a gene duplication
and gained the new function of being sex determination switch (Graves, 2008). Many closely
related medaka species lack Dmy gene which suggests that duplication of DMRT1 was
recent in Oryzias latipe. Even some closely related species of Oryzias latipe like Oryzias
javanicus and Oryzias hubbsi utilize ZZ/ZW system, which suggests that the new sex
determination mechanism can evolve among closely related fish species (Takehana et al.,

2008).

In case of Zebra fish (Danio rerio) no sex chromosome has been identified. Some study
suggest that sex chromosome does not exist in zebrafish (Wallace & Wallace, 2003). Both
sex determining system (XX/XY) has been suggested and this inconstancy of sex
determining system indicate that zebrafish have unstable sex determining system (von
Hofsten & Olsson, 2005). Oogenesis begins in all individuals regardless of their future sex,
sex differentiated later in gonadal development. Oogenesis is completed in females while
ovarian degradation initiated the testis development in males (Saito & Tanaka, 2008; von
Hofsten & Olsson, 2005). High water temperature (37 °C) or aromatase (cyp19a) inhibition
can cause a sex reversal female (XX male) in Zebrafish (Uchida, Yamashita, Kitano, &
Iguchi, 2004). Anti-Mullerian hormone (AMH) expressed in Sertoli cell of testis and in the
follicular layer of ovaries (Rodriguez-Mari et al., 2005). fiz-fI gene is co-expressed with
AMH both in testis and ovaries (von Hofsten & Olsson, 2005). fiz-fI gene regulates AMH

and in turn AMH inhibits aromatase during gonadal development in mammals (di Clemente
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et al., 1992). Some of the other genes like SOX9 or WTI also play important role in sex

determination of Zebra fish.

1.5 Genome duplication in fish

The family Salmonidae includes three sub-families: Coregoninae, Thymallinae and
Salmoninae (Nelson, 1994). The sub-family Salmoninae includes species important for both

wild fisheries and aquaculture industries like Salmon, trout and char (figure 2).

Thymallinae

Grayling { Thymallus)

Coregonitiae
Lake whitefish { Coragonus)
Samonidae
Atiantic Salmon ( Salmon salart
| I Brown troast (Saimo trufta
— {Chénoak saimon (O awytscha
Coho salmon { Oncorty 1}
Salmoninas Ranbow trout ( Oncorhynchu: =5}
—:me trout {Oncorfiynchus clarkd)

Arctic charr { Salvelinus alpinus)

Figure 2. Phylogeny of family salmonidae, (Davidson, Huang, Fujiki, Von Schalburg, & Koop,
2009)

The duplication of genes, chromosomal segments or the entire genomes provides the raw
genetic materials necessary for microevolution. These are important for generating novel
gene functions and expression patterns, which possibly play significant role in evolution of
metazoans, vertebrates and mammals from unicellular organisms (Ohno, 1970). There are
One or two rounds of whole genome duplication (WGD) took place during the early
evolution of vertebrate, this idea later known as the 2R hypothesis. The first round of WGD
happen before the emergence of vertebrate and in the second round of WGD leads to the
appearance of jaw vertebrates (Kasahara et al., 2007; Sidow, 1996). Third round of WGD
(3R duplication) leads to give rise to the teleost lineage (Christoffels et al., 2004; Meyer &
Van de Peer, 2005). The fourth WGD occurred 25 to 100 million year ago (Mya) in the
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common ancestor of salmonids (Allendorf & Thorgaard, 1984). The studies of HOX gene
clusters suggest strong evidence supporting the 2R and 3R duplication. Invertebrates have
only one HOX gene cluster, while mammals have four gene clusters and teleosts contain
seven copies of hox gene cluster (Amores et al., 1998; Hoegg, Boore, Kuehl, & Meyer,
2007; Naruse et al.,, 2000). In case of epidermal growth factor receptor gene (egfr),
invertebrates such as D. melanogaster and C. elegans have one egfr gene while mammals
have four and teleost fishes have seven egfr genes (Volff, 2005). The above observations all
are in favours of 2R and 3R duplication, since only seven gene clusters are identified in
teleosts rather than eight genes for both HOX and egfr. The identification of only seven
cluster of genes rather than eight implies loss of one of the clusters during the teleost
evolution (Hoegg et al., 2007). Atlantic salmon and rainbow trout have thirteen HOX gene
cluster which is twice that found in Zebra fish and medaka (Moghadam, Ferguson, &
Danzmann, 2005a, 2005b). Salmonids also contain 96-104 chromosome arms which is

twice as many than other telosts (Mank & Avise, 2006; R. B. Phillips et al., 2009).

Genome duplication plays important role in evolutio; once a whole genome duplication has
occurred the resulting gene called paralogous genes (Zhang, 2003). These paralogous genes
may have three type of fate: (1) become silence or lost (nonfunctionalization), (2) acquire
novel beneficial function to organism (neofunctionalization), or (3) mutation in both gene
copies so that both have complement gene expression that corresponds to their single
ancestral gene (subfunctionalization) (Innan & Kondrashov, 2010). After the genome
duplication one gene is free to accumulate mutation since only one gene is necessary to
survive and thus face one of the three fates above. Over times, the modification of new
genomes through mutations, natural selection and genetic draft would produce novel gene
functions which could enable speciation, i.e. known as divergent resolution. Divergent
resolution means after genome duplication, one population loses function of one copy of the
gene and the other population loses function of the second gene copy. This would cause the
hybrid species to produce gametes that completely lack the functional genes, making the
organism less viable and/or fertile. Such interspecific genomic incompatibility would mark
the beginning of speciation (Lynch & Force, 2000). Divergent resolution could be one of the
strong reason for huge diversity of teleost (more than 24000 species) making them the most

species rich order of vertebrate.

Sex determination is one of the major problems for an organism that has undergone genome

duplication (Davidson, Huang, Fujiki, Von Schalburg, & Koop, 2008). Neofunctionalization
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is one way to overcome this problem, the duplicated gene undergoes neofunctionalization
and become new sex determining master gene that shift the original sex determining gene, as
in case of Dmy in medaka. Alternatively, one of the duplicated sex determining gene may be
pseudogenized or lost from the genome in order to allow the sex determination system to
return to the diploid state as it seems in rainbow trout (Yano et al., 2012). It is reasonable to
expect that different lineages was evolved following different sex determining mechanisms
after WGD and also assume that sdY gene was the master sex determining gene in common

ancestor of salmonids.

1.6 Sex determination in Salmonidae

Salmonidiae are an important component of human food supply all over the world, due to
their economic and social value some species of salmonidae, such as salmon, trout, char,
grayling and fresh freshwater whitefish received attention of researcher. Salmonids are
capable of changing their original sex with respect to the surrounding environment. Thus are
ideal for studying the process by which sex chromosomes turnover and also for the early

stage of sex chromosome evolution (Devlin & Nagahama, 2002).

Salmonids follow male heterogametic systems (Davidson et al., 2009). This has been proved
via Cytogenetic studies, where some salmonid species contain heteromorphic Y
chromosome, like in rainbow trout (Oncorhynchus mykiss), sockeye salmon (Oncorhynchus
nerka), lake trout (Salvelinus namaycush) and least cisco (Coregonus sardinella) (Ruth
Phillips & Rab, 2001). Some rainbow trout populations do not have heteromorphic sex
chromosome and even some populations have different sized chromosomes, which suggest

that the sex chromosomes are still in early stage of differentiation (Thorgaard, 1977).

Although salmonids have male heterogametic system, still it is not clear whether a single
master sex determining gene dominates or not like Sry in mammals (Koopman et al., 1990;
Sinclair et al., 1990), or each of the species of this family have their own master sex
determining gene as in the genus Oryzias (Myosho et al., 2012) and stickleback (Urton,
McCann, & Peichel, 2011). Genetic marker linked to the sex-determining locus (SEX) were
design for the Artic salmon, Brown trout and Arctic char. The comparative studies using
marker linked to SEX revealed that there is no sex linkage group conservation amoung these

species(Woram et al., 2003), which suggest multiple gene may exist as a result of an
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autotetraploidization event in the common ancestor of the salmonids (Allendorf &

Thorgaard, 1984).

The recent discovery of sdY as male specific gene linked on Y chromosome in rainbow
trout (Oncorhynchus mykiss) and in most of the salmonids (Salmoninae, Coregoninae and
Thymallinae subfamilies) species, suggest that sdY gene may be the conserved master sex
determining gene of these species, although sdY is not located at homologous genomic
position among different salmonid species. Which suggest its movement associated to
mobile elements, sdY gene was consider to be evolve through neofunctionalization from the
interferon regulatory factor 9 (Irf9) by losing type I interferon (IFN) signalling pathway
(Yano et al., 2012; Yano et al., 2013). The structure of the gene concluded from the
alignment of the sdY cDNA (GenBank accession number AB626896) with Oncorhynchus
mykiss Y chromosome genomic sequence (EU081756.1) shows that it was composed of four
exons that align from 11034 to 18728 bp of the 21126 bp of Oncorhynchus mykiss Y

chromosome genomic sequence (figure 3).
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Figure 3. Number of exon and intron of sdY gene predicted in Rainbow trout

The alignment shows the position of the intron and exon boundaries and the codon number
are indicated. The sdY gene encodes a putative protein of 192 amino acids and consist of
four exon that span 7694 bp of Oncorhynchus mykiss Y chromosome genomic sequence.
However the sdY gene was not discovered in other species of salmonids, only the partial
mRNA of sdY gene is known for Salmo salar, Salmo trutta and Salvelinus alpinus, and these
species of are very important for salmonid aquaculture industries in Norway and other part

of the world.
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1.7 Aim of the study

The overall aim of my M.sc thesis was to study and understand the sexually dimorphic on
the Y chromosome (sdY) gene in the Salmonidae family especially in Atlantic salmon

(Salmo salar), Arctic char (Salvelinus alpinus) and Brown trout (Salmo trutta).
There were two major objectives

e To elucidate the full-length sequence of the sdY gene of Atlantic salmon (Sa/mo
salar), Arctic char (Salvelinus alpinus) and Brown trout (Sa/mo trutta) by performing
hiTAIL PCR , 3' RACE and 5' RACE based on the published information of sdY
mRNA sequence.

e To develop gender specific PCR test for salmonids, by designing primer targeting the

conserved region of the sdY sequence.



21

2. Material and Methods

All the Fish samples (family: Salmonidae) used in this study were supplied by, Cryogenetics
As and Professor Francesco Nonnis Marzano, University of Parma, Italy. Four species were
selected for this thesis: Atlantic salmon (Salmo salar), Arctic char (Salvelinus alpinus),
Brown trout (Salmo trutta) and Italian marble trout (Salmo marmoratus). DNA was isolated
from the fins of the samples according to the Genomic DNA 2 kit. RNA was isolated from
the gonad of the samples with the target to sequence full length of male specific sdY gene
for all the selected species. Based on the information of (Eisbrenner et al., 2014b) work,
published complete sdY gene of (Oncorhynchus mykiss) Rainbow trout (Yano et al., 2012)
and the published partial mRNA of Atlantic salmon (Salmo salar), Arctic char (Salvelinus
alpinus ) and Brown trout (Sal/mo trutta) primers were design within the exon 2 and exon 3
of sdY gene. These sets of primers are test on selected species to screen the presence of sdY

gene in selected species.

DNA and quality was verified using the Nanodrop ND-1000 spectrophotometer (Saveen
Werner, v3.8.1).

2.1 HITAIL PCR (High Efficiency Thermal Asymmetric
Interlaced PCR)

hiTAIL-PCR is an efficient technique to amplify unknown DNA sequences adjusted with
partial known sequence. The hiTAIL-PCR combines the advantages of the TAIL-cycling and
suppression-PCR by blocking the amplification of non-target sequence, and the small target
sequences while allowing efficient amplification of large target sequences. It uses the
combination of known sequence specific primers and degenerated primers binding to
unknown sequence (Liu & Chen, 2007). The hiTAIIL-PCR reaction is divided into three
separate PCR cycle i.e. pre-amplification, primary and secondary amplification. Pre-
amplification is performed on a genomic DNA extract, followed by primary and secondary
amplification on a diluted fraction of the pre-amplification cycle. The polymerase (Hot Fire

Pol® from Solis Biodyne™) is activated with a hot start step at 94 °C for 10 minutes.
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Pre-amplification

Pre-amplification PCR cycle performed with degenerated primers on genomic DNA, which
allows tosynthesize many amplicons. The reaction is cleaved into four reactions with
homologue primer; the primers are constructed with a common leader (AC1 section) which
contains a Notl cleavage site for the optional cloning afterwards. The AC1 sequence is
followed by the degenerate region. The aim is to amplify plenty of fragments that contain the
desired fragments. Ideally the degenerated primer should bind in the UTR region. Since the
primers are degenerated, mean a mixture of primers are present. The stock concentration is
higher (10 puM) than the standard 3 pM. The PCR was performed in a Veriti® 96-Well
Thermal Cycler (Applied Biosystems) with the following parameters: the denaturation step
at 94 °C for 10 minutes (min), 93 °C for 2 min and 95 °C for 1 min, followed by 10 cycle of
94 °C for 30 sec, 60 °C for 1 min, 72 °C for 3 min, followed by 1 cycle of 94 °C for 30 sec,
50 °C for 2 min, 72 °C for 3 min, followed by 25 cycle of 94 °C for 30 sec, 58 °C for 1 min,

72 °C for 3 min. Final extension at 72 °C for 5 min.

Primary PCR

The amplicon obtained from the pre-amplification was diluted and with the specific primer
(Liu & Chen, 2007) only the desired fragment will be amplified. The use of nested primer
make certain that only the fragment of known sequence are synthesized, the degenerated
primer are replaced by the primer with only AC1 common leader to make sure that no other
fragment are synthesized. Since the ACI1 sequence also present in the nested primer, the
small fragment will be inhibited due to hairpin formation between the two ACI oligos. The
larger fragments are less inhibited than the small fragments. Cycle parameter: the
denaturation step at 94 °C for 10 min, followed by 1 cycle of 94 °C for 20 sec, 65 °C for 1
min, 72 °C for 3 min, followed by 10 cycle of 94 °C for 30 sec, 68 °C for 1 min, 72 °C for 3
min, 94 °C for 30 sec, 68 °C for 1 min, 72 °C for 3 min 94 °C for 30 sec, 50 °C for 2 min, 72

°C for 3 min and final extension at 72 °C for 5 min.
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Secondary PCR

The amplicon obtain from the primary PCR was diluted and further amplification was done
to isolate the desired amplicon. Which was done in similar way with a nested primer in the
known region and the common leader ACI1 assuming the known sequence. Cyclic
parameters used for PCR was as follow: Denaturation at 94 °C for 10 min, followed by 7
cycle of 94 °C for 30 sec, 68 °C for 1 min, 72 °C for 3 min, 72 °C for 3 min, 94 °C for 30 sec,

50 °C for 2 min, 72 °C for 3 min and the final extension at 72 °C for 5 min.

Bands from the gel are purified by following protocol GFX™ PCR DNA and Gel Band
Purification Kit from Illustra™ . The bands of interest were cut using a clean scalpel, weigh
the agarose slice was weighed and transfered to an Eppendorf tube. 10 pl of capture buffer
type 3 was added to each 10 mg of gel slice, mixed by inversion and incubation at 60 °C for
30 min until the agarose gel was completely dissolved. Place the GFX micro spin column
into collection tube and capture buffer type 3 by mixing briefly to collect the liquid at the
bottom of the tube, up to 800 pul of capture buffer type 3 was transfer to the assembled GFX
microspin Column and collection. Incubated at room temperature for 1 min followed by
centrifugation at 16000 xg for 30 sec. Flow-through was discarded and repeated till the
entire sample was loaded. 500 pl Wash buffer type 1 was added and centrifuged at 16000 xg
for 3 sec, followed by 5 min incubation at 65 °C. The GFX microspin column was transfer to
Eppendorf tube, 30 pl ellution buffer type 4 was added and incubated for 1 min at room
temperature. Finally, centrifuged at 16000 xg for 1 min for collection and measure the

concentration with nanodrop.

Cloning of PCR amplicon was describe in section 2.4.

2.2 RNA Extraction and quality analysis

RNA was extracted from Gonad tissue samples of Atlantic salmon (Salmo salar), Arctic char
(Salvelinus alpinus) and Broun trout (Salmo trutta) fish. A Small Gonad tissue sample
weighing 25-50 mg was transfered to an Eppendorf tube containing three stainless steel
beads. A volume of 1 ml TriZol reagent was added to sample except for Atlantic salmon
where 1 ml of QIAZol was added. The tissue was disrupted and homogenized in 10 pl of
Dithiothreitol (DTT) and after incubation at room temperature (RT) for 5 min, 200 pl of



24

Chloroform was added to the sample and vigorously shaken by hand for 15 sec. The samples
were incubated for 2-3 min at RT and after centrifuging at 12000 xg for 15 min at 4 °C, the
aqueous phase (approximately 50 % of total volume) was transferred in to a new Eppendorf
tube and homogenized with 500 pl of 100% isopropanol. The mixture was incubated at RT
for 10 min and centrifuge at 12000 xg for 10 min at 4 °C. After removing the supernatant,
the pellet was washed with 1 ml of 75% ethanol and centrifuge at 7500 xg for 5 min at 4 ° C
and discards the wash. The RNA pellet was air dry for 5-10 min. The RNA pellet was
resuspended with 30 pul RNase-free water. RNA quality was checked using the Nanodrop
ND-1000 spectrophotometer (Saveen Werner, v3.8.1).

2.3 cDNA synthesis and 3' RLM-RACE

RNA was processed for the cDNA synthesis according to FirstChoice® RLM-RACE Kit.
One ng of total RNA was treated with 4 ul of ANTP mix, 2 pl of 3' RACE Adapter (table 1),
1X Reverse transcriptase buffer, 1 pl RNase Inhibitor, 1 ul M-MLV Reverse Transcriptase
in a 20 pl reaction volume. The reaction was mixed gently, spins briefly and finally

incubated at 42 °C for an hour.

Due to non availability of the full-length sdY gene, a 3' RNA Ligase Mediated Rapid
Amplification of cDNA Ends (3' RACE) was performed using information from published
sdY sequence of Rainbow trout and the partial sdY sequence of Atlantic salmon (Salmo
salar), Arctic char (Salvelinus alpinus) and Brown trout (Salmo trutta). To amplify the 3'
end of the sdY gene, an Outer 3' RACE PCR was performed. Each 50 pl of reaction mixture
was set up consisting 1 pl of the reverse transcribed cDNA (as template), 1X of Phusion
High-fidelity (HF) buffer, 0.2 mM of dNTPs, 1 unit of Phusion DNA polymerase, 0.5 uM of
sdY exon2F (34-51) and 3' RACE Outer primer. The primers are listed in table 1. The PCR
was performed in a Veriti® 96-Well Thermal Cycler (Applied Biosystem) with the
following cycling parameter: 98 °C for 28 sec for initial denaturation, followed by 35 cycle
of 98 °C for 10 sec, 60 °C for 20 sec and 72 °C for 30 sec per cycle with final elongation step
of 72 °C for 5 min.
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Table 1. Primer and Sequence

Name Sequence (5' - 3")

sdY exon 2F (34-51) AGTACTGCGAAGAGGAGG

sdY exon 2R (212-230) | GCTTAAAACCACTCCACCC

sdY exon 3F (381-399) | TTCAGCAGAGCAGATGGCT

sdY exon 3R (444-462) AGATTGGTGCACTGAGTGA

3' RACE Outer Primer | GCGAGCACAGAATTAATACGACT

3' RACE Inner Primer | CGCGGATCCGAATTAATACGACTCACTATAGG

3' RACE Adapter GCGAGCACAGAATTAATACGACTCACTATAGGTI2VN
sdY 5'UTR F AGAAACACTCCCCTTAACTAAT

sdY 3 UTR DegR GKYTGAWTGTCTTCTAYTTAGTGTGAG

hiTAIL ex2R 0 ATCCCATCCATCATCAGGGAGAAG

hiTAIL ex2R 2 TCCTCTTCGCAGTACTCCACTGAGACAAG

hiTAIL ex4F 0 ATTAAATTGCCATGGGCTCAGCAGC

Due to the absence of a clear and specific band from the Outer 3' RACE PCR, an inner
(nested) 3' RACE PCR was performed. The procedure was same as for the Outer 3' RACE
PCR except for template used and extension time. Outer 3' RACE PCR product was used as
template (1 pl), 0.5 mM of sdY exon3F (444-462) and 3' RACE inner primers and extension
step adjusted to 72 °C for 15 sec.

2.4 Cloning and Transformation

The blunt ended 3' end of the sdY gene generated from 3' RACE and the PCR product from
the hiTAIL PCR was cloned into the pPCR® Zero Blunt® (Invitrogen) vector. The vector has
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T7 forward and M13 reverse primer (Appendix 1) site for flanking the insertion site in the
vector. The vector have several regions necessary to survive on a selection medium for
reassuming that the desired insert was present, like for this case kanamycin resistance gene.

Map of vector is shown in figure 4.
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Figure 4: pCR® Zero Blunt® vector

The amplified fragment from the 3' RACE PCR was cloned using the Zero Blunt® PCR
Cloning Kit (invitrogen), according to manufacturer's instructions. A total volume
of 10 pl of ligation reaction consisting of 0.5 pl of PCR product, 2.5 ng of pCR® Blunt
vector, 1X ExpressLink T4 DNA Ligase Buffer and 5 units of ExpressLink™ T4 DNA
Ligase was setup. The similar setup was done for the hiTAIL PCR amplicon except for the
volume of PCR amplicon (i.e. 1ul). The reaction was incubated for 1 hour at room

temperature, followed by transformation.

One Shot” TOP10 competent cells (E.coli) was transformed with ligation product. 50 pl vial
of One Shot® TOP10 cells for each transformation was thawed on ice. 2.5 pl of ligation
reaction was added directly into the vial of competent cells and mixed by tapping gently.
After incubation on ice for 30 minutes, the cells were incubated at 42 °C water bath for
exactly 30 seconds followed by incubation on ice for 1 minute. A volume of 250 pl of pre-
warmed (37 °C) SOC medium was added to each vial, by incubation at 37 °C for 1 hour with

shaking 225 Rotation per minute (rpm). Transformed cells were further culture at 37 °C for
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16-18 hours on LB agar plates supplemented with 50 pg/ml kanamycin. Finally the plates

were wrapped in plastic bags and incubated at 37 °C for overnight.

2.5 Plasmid isolation and Restriction digestion

The plasmid DNAs were isolated from the overnight cultured cell using PureYield™
Plasmid Miniprep System kit (Promega) according to manufacturer's instructions. 1.5 ml of
E.coli culture was centrifuge at maximum speed for 30 sec and the cell pellet resuspended
with 600 pul of water. The cells were lysed with 100 pl lysis buffer, neutralized with 350 ul
neutralization solution and centrifuged for 3 minutes at maximum speed. The supernatant
(=900 pl) was transferred to PureYield™ Minicolumn without disturbing the cell debris
pellet and DNA was bound to the column after centrifugation at maximum speed for 15
seconds. The membrane was washed with 200 pl of Endotoxin removal wash (ERB) and 400
pl of Column wash solution. The DNA was eluted with 30 pl of Elution buffer after

centrifugation at maximum speed for 15 sec.

Restriction digestion analysis was important for the verification of generated plasmid
vectors and constructs. The reaction volume of 10 pl of each reaction mixture consisting 2 pl
of plasmid with 0.5 pl of enzymes and 1 pl of buffer according to the restriction map from
NEW ENGLAND Biolabs. The reaction was incubated for 1 hour at optimum temperature

for enzyme activity.

Generated PCR products and the restriction digest samples were analyzed by gel

electrophoresis on 1% agarose in 1X TAE buffer and visualized using ethidium bromide.

2.6 Sequencing and capillary electrophoresis

Constructs were further verified by sequencing using BigDye Terminator v3.1 cycle
sequencing kit (Applied Biosystems). Each reaction of 10 pl volume containing
approximately 20 ng of plasmid DNA, 3.2 pmol of primer i.e. T7F and M13R , 1X BigDye
sequencing buffer and 0.5 pl of BigDye terminator v3.1 was setup. Cycle sequencing
conditions were adjusted according to the stepped elongation time protocol (Platt, Woodhall,

& George, 2007). The impurities such as primer residue, dNTP and ddNTP which are
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leftover from cycle sequencing were removed by ethanol precipitation method. The
extension product was mixed with 2 pl of 3M NaOAc, 2 pl of 125 mM EDTA (pH 8) and 10
ul of H,O and after incubating for 15 min at room temperature, the reaction was centrifuged
at maximum speed for 30 minutes at 4 °C. The supernatant was carefully removed and DNA
pellet was washed with 70 pl of 70 % EtOH, followed by 10 minutes centrifugation at room
temperature. Supernatant was removed and the pellet dried at room temperature to get rid of
excess ethanol. The purified products were dissolved in 10 pl of deionized formamide and

sequenced on an automated ABI prism 3130xL Genetic Analyzer (Applied Biosystems).

The sequencing data was analyzed by the CLC Main Workbench software, and National
Center for Biotechnology Information database (NCBI).

2.6.1 Direct Sequencing of PCR products

The direct sequencing of PCR products i.e. genomic DNA sequencing with the target to
amplify the 5' end of the sdY gene. PCR reagents sequenced following the same procedure
as described in section 2.6, except for the primers i.e. sdY 5' UTR F, sdY 3 UTR DegR,
hiTAIL ex2R 0, hiTAIL ex2R 2, hiTAIL ex4F 0 and sdY exon 2R (212,230) and the
concentration of primers was 0.5 uM (see table 1). 1 pl of PCR product was treated with 1X
sequencing buffer, 2 Units off Exo I and the mixture incubated for 1 hour at 37 °C then for
15 minutes at 85 °C. Sequencing reaction of total volume 10 pl contains 5 pul of Exo I treated
PCR reaction, 1X sequencing buffer, 0.2 uM of primer (T7F and M13R) and 0.5 pl of
BigDye terminator v3.1 was setup and the cycle sequencing and product purification was
performed as described in section 2.6. were adjusted according to the steppes elongation

time protocol(STeP ) (Platt et al., 2007).

2.7 Polymerase Chain Reaction (PCR) analysis

Two seperate uniplex PCR reaction was setup to screen the presence of exon 2 and exon 3 of
sdY gene in different species of Salmonidae family i.e. Atlantic salmon (Sa/mo salar), Arctic
char (Salvelinus alpinus ) and Brown trout (Salmo trutta). The primers for the PCR
amplification are listed in table 1. First uniplex was perform for exon 2, each 15 pl reaction
mixture consisting of 11.5 ul PCR Grade water, 15 ng template (DNA), 1X of Hot FIREpol
Buffer B2, 1.5 mM of MgCl,, 0.1 mM of dNTPs, 0.9 units of Hot Firepol DNA polymerase,
0.25 uM of exon 2F (34-51) and exon 2R ( 212-230) primers. Second uniplex for exon 3, 15
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ul reaction mixtures consisting of same reagents as for the exon 2 except for the primers and
concentration i.e. 1 uM of exon 3F (381-399) and exon 3R (444-462) primers and 9.1 pl of
PCR grade water was setup. The reaction mixture was mixed briefly. The PCR was
performed in a Veriti® 96-Well Thermal Cycler (Applied Biosystems) with the following
parameters: an initial denaturation step at 95 ° C for 10 minutes (min) to activate the
polymerase, followed by 35 cycles of 95 ° C for 30 seconds (sec), 60 °C for 30 sec, 68 ° C for
30sec, followed by a final extension at 68 ° C for 10 min. The PCR product was separated on

1 % 1X TBE agarose gel and visualized using ethidium bromide.

Two sets of PCR reaction were successfully developed to differentiate the sex of the selected

species of Salmonidae A. Duplex PCR reaction and B. Triplex PCR reaction.
A. Duplex PCR reaction

Each 15 pl of duplex PCR reaction mixture was setup containing 9.9 pul of PCR grade water,
1X of Hot FIREpol buffer B2, 1.5 mM of MgCl,, 0.2 mM of dNTPs, 0.9 units of HOT
FIREpol DNA polymerase, 15 ng template (DNA), 0.4 uM of forward and reverse Fabp6b
primer and mixture 0.4 uM of hiTAIL ex3F 2 forward primer and sdY 3UTR DegR reverse
primer (table 2). The PCR was performed in a Veriti® 96-Well Thermal Cycler (Applied
Biosystems) with the following cycling parameters: an initial denaturation step at 95 °C for
10 minutes to activate the polymerase, followed by 35 cycles of 95 ° C for 30 seconds (sec),

60 ° C for 30 sec, 72 ° C for 30 sec and a final extension at 72 ° C for 10 min.
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Table 2. Primer and sequence

Name Sequence (5'- 3")

Fabp6b F AATTACGATGAGTTTCTGGAGGCAA
Fabp6b R CTTTCCGATGGTGAATTTGTTAGTCAA
hiTAIL ex3F 2 TCAGCAGCTATTCAAGCAAGCTCACGAC
sdY 3 UTR Deg R GKYTGAWTGTCTTCTAYTTAGTGTGAG
sdY exon 3F(381-399) TTCAGCAGAGCAGATGGCT

sdY exon 3R (444-462) AGATTGGTGCACTGAGTGA

sdY ex4 F2 ATTCAAGCAAGCTCACGAC

sdY 3'UTR R2 AAAAGAGGTAAAAAGGTGGAGG

B. Triplex PCR reaction

Each triplex PCR reaction of 15 pl volume containing,15 ng of template (DNA), 0.2 uM of
sdY exon 3F (381-399) and sdY exon 3R (444-462) , 0.2 uM of sdY ex4F2 and sdY 3' UTR
R2, 0.6 pM of forward and reverse Fabp6b primers and 1X Hot Firepol EvaGreen qPCR
Super mix. The cycling parameters were same as the duplex PCR except for annealing

temperature was adjusted to 62 °C.
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2.8 High Resolution Melting curve (HRM) analysis

High resolution melting curve (HRM) analysis was perform with a target to see the
difference between the melting curve of male and female samples. HRM was performed on
two qPCR machines, the Rotor-Gene Q (QIAGEN) with Rotor-Gene Q series software and
on the 7500 Fast Real-time PCR system (Applied BioSystem). Each duplex PCR reaction of
15 pl volume containing , 15 ng of template(DNA), 1X Hot Firepol EvaGreen qPCR Super
mix, 0.4 uM of Forward and reverse of Fabp6P, 0.4 uM hiTAIL ex3F 2 and sdY 3 UTR
DegR. DNA was amplified using the same cycling parameters as describe in section 2.7 A.
Melt Ramp was used from 40 to 95 °C with 0.2 ° C increments. Triplex PCR reaction contain
0.6 uM of forward and reverse fabp6b, 0.2 uM of sdY exon 3F (381-399) and sdY exon 3R
(444-462), 0.2 pM  of sdY ex4F2 and sdY 3'UTR R2 sets of primers, 1X HOT FIREpol
EvaGreen qPCR Super mix and template. The cycle parameter was same as describe in

section 2.8A and the result was analyzed using HRM v2.0.1 software.
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3. Results

Sequencing of cDNA libraries lead to the description of the complete Oncorhynchus mykiss
(rainbow trout) sexually dimorphic on the Y chromosome (sdY) mRNA (GenBank accession
number: AB626896.1) (Yano et al., 2012). The sdY gene (3271 bp) has a total of 4 exons-
exon 1 is 40 bp, exon 2 is 360 bp, exon 3 is 101 bp and exon 4 is 90 bp based on the
alignment of sdY genomic sequence (GenBank: EU081756.1) and complete sdY mRNA
sequence (alignment not shown).The partial mRNA sequences from Sal/mo salar (GenBank
accession number: JF826020.1), Salmo trutta (GenBank accession number: JF826019.1) and
Salvelinus alpinus (GenBank accession number: JF826022.1) are available at NCBI. The
alignments of these partial mRNAs with the complete Rainbow trout genomic and mRNA of
sdY sequences revealed that these partial mRNA contain the complete exon 2 and exon 3
sequences (alignment appendix 2). The length of partial mRNA of sdY sequences of all
three species are exactly of same length (515 bp) and the alignment show mismatches at
three positions 16, 53 and 184 bp, where C mismatch with G, G mismatch with A and C
mismatch with T respectively. Primers were design to avoid these mismatches, based on the
alignment of the partial mRNA two set of primers: sdY exon 2F (34-51) and sdY exon 2R
(212-230), and sdY exon 3F (381-399) and sdY exon 3R (444-463), annealing within exon 2
and within exon 3 respectively were design. The alignment of the partial mRNA sequences
and the position of the primers are shown in figure 5. sdY exon 2F (34-51) at position 34 to
51 bp and sdY exon 2R (212-230) at 212 to 230 bp, sdY exon 3F (381-399) at position 381
to 399 bp and sdY exon 3R (444-463) at 444 to 463bp. The sequences of the primers are

given in table 1.
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Figure 5. Diagram represents alignment of partial mRNA of sdY sequence of Salmo salar
(JF826020.1), Salmo trutta (JF826019.1) and Salvelinus alpinus (JF826022.1) and the position of

primers.

3.1 Polymerase chain reaction (PCR) to test presence of
Exon 2 and Exon 3 in the sdY gene

Four different species of Salmonids were selected for this study: Salmo trutta (Brown trout),
Salar salmo (Atlantic salmon), Salvelinus alpinus (Arctic char) and Salmo marmoratus
(Italian marble trout). The two sets of primers: sdY exon 2F (34-51), sdY exon 2R (212-230)
and sdY exon 3F (381-399), sdY exon 3R (444-462) were used for PCR amplification and to
screen for the presence of exon 2 and exon 3 in the different species of genomic (DNA)
sample as describe in 2.7. As shown in figure 6 panel A, exon 2 primer yielded a PCR
product of approximately 200 bp size which is consistent with the expected size of 197 bp
and the panel B for exon 3 primer produced amplicon of approximately 100 bp of size

which is consistent with the expected size of 82 bp.
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Figure 6. Gel photo showing observed bands generated from uniplex PCR of sdY gene (A and B). A.
Uniplex PCR with primers sdY exon2 F (34-51) and sdY exon 2R (212-230), male Salmo trutta
(A1-AS), Salmo salar (A6-A10) and C: negative control. B. Uniplex PCR with primers sdY exon 3F
(381-399) and sdY exon 3R (444-463), male Salmo trutta (B1-B5), Salmo salar (B6-10) and C:

negative control.

Since confirmed sex identified samples of Salvelinus alpinus was not available at this point
of the project, so unable to test these sets of primers on Salvelinus alpinus. Even for the
Salmo salar we did not have conformed sex identified samples at this point of project so
these sets of primers were tested on random samples of Salmo salar. As able to amplify the
sdY gene amplicon with these sets of primer, it is confirmed the presence of sdY gene in

these species and decided to carry further work to sequence the sdY gene.

3.2 Sequencing the sdY gene

One aim of the project was to perform 5' RACE and 3' RACE in order to describe the full-
length sequences of the Salmo trutt, Salmo salar and Salvelinus alpinus sdY mRNA (cDNA)
gene based on the published partial mRNA of sdY sequences for these three species. 3'
RLM- RACE was performed to obtain the 3' end of the sdY mRNAs as described in section
2.3 and 5' RACE was carried out to obtain the 5' end of sdY mRNA with the aim of
obtaining the full length sdY mRNA (cDNA) sequences from these species. Unfortunately
unable to PCR amplify any 5' RACE product from any species (results are not shown).

RNA was extracted from the gonad tissue (section 2.2) and reverse transcription was

performed following the RLM-RACE kit. cDNA obtained from the reverse transcription
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was used for the outer and the inner (nested) PCR reaction using Thermo Scientific Phusion
High-Fidelity DNA polymerase protocol (section 2.3). The inner PCR amplicon shows
distinct band at approximately 500 bp for the Salmo trutta and Salvelinus alpinus but for the

Salmo salar no clear band was observed (figure 7).

100bp 1 2 . 4 100bp

Figure 7. 1 % agrose gel was used to visualise the amplification of cDNA amplicon in different
species. A. Outer PCR of Salmo tuttar and Salmo salar, lane Al: concentrated cDNA, lane A3: 10X
diluted cDNA of Salmo trutta, lane A2: concentrated cDNA, lane A4: 10X diluted cDNA of Salmo
salar. B. Inner PCR (1000X diluted outer PCR ampicon used) of Salmo trutta and Salmo salar, lane
B1: concentrated cDNA, lane B3 10X diluted cDNA of salmo trutta, lane B2: concentrated cDNA,
lane B4: 10X diluted cDNA Salmo salar. C. Outer PCR of Salvelinus alpinus, lane C1: concentrated
c¢DNA, lane C2: 10X diluted cDNA, lane C3: 1000X diluted cDNA of Salvelinus alpinus. D. Inner
PCR, lane D1: concentrated cDNA, lane D2: 10X ¢cDNA and lane D3: 1000X cDNA of Salvelinus

alpinus.

The 3' RACE products from the nested PCR using cDNA prepared from Salmo trutta (figure
7,lane B1) and Salvelinus alpinus (figure 7, lane D1) was cloned into the pCR® Zero Blunt®
vector and transformed into the TOP 10 E. coli competent cells, these cells were cultured
overnight in LB medium supplemented with 50 pg/ml kanamycin (section 2.4). As shown in

lane B2 and B4, figure, (Sa/mo salar) did not obtain a clear single specific PCR product. We
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decided to perform gradient PCR of nested PCR product (lane B2 and B4) with annealing
temperatures varying from 60 to 68 °C (figure 8).

Figure 8. 1% low melting agrose gel was used to visualize the gradient PCR amplicon.

Two clear and separated bands at 64 °C were observed and these two fragments (one is
approximately 1 kb and other is 500 bp) were cloned into the pCR® Zero Blunt® vector and
transformed to the TOP 10 E. coli competent cells.

Restriction digestion was performed on the plasmid isolated from the overnight cultured cell
(isolation of plasmid 2.5), using specific restriction enzymes (EcoRI) in order to verify

insertion of the cloned product and for the further sequencing (figure 9).

B

Figure 9. Gel photos showing observed bands generated for cloned 3' RACE product (cDNA gene)
from restriction enzyme EcoRI A. Salmo trutta (Lane A1-A4) and Salmo salar (A5- Al12), B.
Salvelinus alpinus (B1- B8).

As shown in figure 9, digested with the EcoRI restriction enzymes yield restriction fragment

whose size were consistent with those of the expected size of nested PCR product (= 500 bp)
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for the Salmo trutta and restriction fragment for the Salvelinus alpinus were also consistent
with the size of nested PCR product (i.e.~ 500 bp and = 600 bp) as seen in figure 7 (line D1
and D3). Size of restriction fragment for Salmo salar were also consistent with the size of
the gradient PCR as shown in lane AS, A6 is approximately 1 kb and lane A9,A10 and A12
approximately 500 bp. . Lane Al, A2, A5, A6, A9, A10, B2 and B7 were used for the
sequencing. These selected plasmid samples were used for further sequencing and analysed.
The sequencing results (Appendix 3) showed that the 3' end sdY mRNA (cDNA) of Salmo
trutta and Salvelinus alpinus was successfully cloned. The sequencing results for the Salmo
salar were not the gene of interest sAYmMRNA (cDNA) it was PREDICTED: Salmo salar
RADS54-like 2 (S. cerevisiae) (rad5412), transcript variant X3, mRNA for 500 bp fragment
and PREDICTED: Salmo salar tubulin polyglutamylase TTLLI1-like (LOC106562979),
mRNA for the 1 kb fragment.

This summer (July-2015) Fraser University of Canada published the complete genomic sdY
sequence of Salmo trutta (GenBank accession number: KT223112.1) and Salmo salar
(GenBank accession number: KP898410.1). Based on these published genomic sequence and
3' RACE product of samples further analysis was performed. Alignment of 3' RACE mRNA
(cDNA) sequences with the published complete genomic sequence of Salmo trutta and
Salmo salar reveals that 3' RACE sequence (cDNA) is a partial exon 3 (only 1st 10 bp is
missing out of 100 bp of exon 3), complete exon 4 and longer 3' UTR of sdY gene for both

Salmo trutta and Salvelinus alpinus (alignment figure 10).
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Figure 10. Alignment of published genomic sequence of Salmo trutta (KT223112.1), Salmo salar
(KP898410.1) and 3' RACE sequence of Salmo trutta, Salvelinus alpinus.

Based on the published complete genomic sequence of Salmo trutta sdY gene, exon 3 is 100
bp long starts from 2045 to 2145 bp, exon 4 is 256 bp long starts from 3702-3958 bp and for
Salmo salar sdY gene exon 3 is 100 bp long starts from 1764 to 1864 bp, exon 4 is 328 bp
long starts from 4101-4429 bp.
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The alignment of Salmo trutta and Salmo salar published genomic sequences with the 3'
RACE cDNA sequences of Salmo trutta and Salvelinus alpinus as shown in figure 10 above
reveal that we were able to obtain the partial exon 3 except only first 10 bp was missing out
of 100 bp. Alignment for exon 4 start from the exact position as describe in the published
genomic sequence of Salmo trutta and Salmo salar with the 3 ' RACE cDNA of Salmo trutta
and Salvelinus alpinus and it align till the last base pair of the published sequences with just
a manual editing at position of 4647 bp where we but a gap. This alignement also reveal that
we have longer 3' UTR end sequence than the published sequences in GenBank for Salmo
trutta and even for the Salvelinus alpinus which have only partial mRNA are available in
data bank. Successfully able to amplify 115 bp longer 3' UTR end for the Sa/mo trutta and
Salvelinus alpinus succesfully able to generate exon 4 which is 106 bp longer with compare

to published genomic sequence of Salmo trutta.

3.3 hiTAIL PCR and cloning

Genomic DNA was used for the hiTAIL PCR (Liu & Chen, 2007) with target to obtain the 5'
end of the sdY gene. The result of the secondary PCR is shown in figure 11. The amplicons
for Salmo trutta and Salmo salar was observed after the secondary PCR, for Salvelinus

alpinus no amplicon was observed.

Figure 11. Agarose gel was used to visualise the amplicon of Secondary PCR of the 5' end of Salmo

salar, Salmo trutta and Salvelinus alpinus of hiTAIL PCR of sdY gene. S1-S4: Atlantic salmon
with ADI1-AD4 primer, T1-T4: Salmo trutta with AD1-AD4 primer, C1-C4: Salvelinus alpinus

with AD1-AD4 primer, S1 and T1 contain amplicon (= 900bp); S3 contains two amplicon (= 1 kb
and 600 bp). T3 and T4 contain amplicon (= 500 bp).
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From the figure 11, primer AD 1(lane S1) show specific band for the Salmo salar and Salmo
trutta that it contain an amplicon of = 900 bp. For Salvelinus alpinus unable to get any
amplicon from secondary PCR. In order to increase the amount of the amplicons, the PCR
product from the secondary PCR was used as template in a new PCR using the same primers

(figure 12)

As the signal is not as optimal as desired an addition PCR was performed with the fast
working polymerase (Phusion™) which help to obtain more and clear amplicons (figure 12).
The largest band was selected as the longest sequence was desired to obtain. These longest

bands were cut out and prepared for the sequencing.

SAD1 1kB TAD1

Figure 12. Gel picture picture of addition PCR with AD1 primer and using secondary PCR product

as template of Salmo salar and Salmo trutta
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The E. coli cells were transformed with the selected amplicon that was cloned in the pCR®
Zero Blunt® vector (figure 13). The insert was cut out using the two cleavage sit of EcoRI,
giving rise to two fragment of approximately 900 bp which is insert and other was vector

(3.5 kb).

R A R R B R L]
10.0

30
1.0

0.5

111213 141516 17 18 19 20
100

30

10
Figure 13. Gel picture showing cloned PCR product from 5' UTR- exon 2 (hiTAIL PCR).

Most of the insert observed on gel was of expected size of approximately 900 bp expect for
the lane 1 which is less than 500 bp and for the lane 4 and 5 where we observed
approximately of 600 bp of insert. Only the insert of expected size (= 900 bp) were used for

sequencing.

3.4 Genomic DNA sequencing and assembling sequence

Genomic DNA sequencing of sdY gene (describe in section 2.6.1) was performed with the
target to get the 5' end, 3' end of sdY gene, based on the information of 3' RACE product
and partial mRNA published at NCBI different sets of primers were design with personal
communication with my supervisor ( Robert wilson). Analysis and assembling genomic
DNA sequence, published partial mRNA and 3' RACE sequence of sdY with target to obtain
sdY gene which consists 5' UTR, exon 1, intron 1. exon 2, exon 3, exon 4 and 3' UTR as

demonstrated in figure 14.
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Figure 14. A sketch representing different parts of sdY gene obtained from different experiment and
source. A. genomic DNA sequence with exon 1 and exon 2, B. partial Exon 3 and complete exon 4

obtain from 3' RACE, C. partial mRNA published in NCBI and D. Assembled sdY gene.

Successfully able to amplify the longer 5' UTR end of the Salmo trutta and Salmo salar, the
alignment of the published complete genomic sequence of Salmo trutta and Salmo salar with

the assembled 5' UTR end of sdY gene which includes exon 2 of Salmo trutta and Salmo

salar respectively (figure 15).
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Figure 15. Alignment of published Salmo trutta (KT223112.1), Salmo salar (KP898410.1) with
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Successfully able to obtain longer 5' UTR end of sdY gene of Salmo trutta then the
published sequence of the Salmo trutta (KT223112.1) in GenBank. The manual editing was
done at position 170 bp and 176 where we insert a gap to make complete alignment with the
published sequence. As shown in figure 15 above 166 bp of long 5' UTR was amplified at
the 5' end of the sdY gene for the Salmo trutta. In case of Salmo salar, able to amplify 305
bp longer 5' URT end of sdY gene than the published genomic sequence of Salmo salar
(KP898410.1).

(Assembled of sdY gene obtain from different source a describe in figure 14 is presented in

appendix 4)

3.5 PCR based genotyping tests were developed to
differentiate male and female salmonid species

Based on generated sequence of sdY mRNA (cDNA) gene, published partial mRNA for all
three species and published complete genomic DNA sequence of Salmo trutta (KT223112.1)
and Salmo salar (KP898410.1) different primers were designed and different sets of
combination of primers were used based on exon 1, exon 2, exon 3 and exon 4, since these
exon should be present in a fully functional sdY gene. List of different primers designed are
presented in appendix 5. Out of different combinations a duplex and triple PCR based
genotyping test developed and further HRM curve analysis was performed to confirm the

result.

3.5.1 Duplex PCR genotyping test and High resolution melting
curve analysis

The duplex PCR-based genotyping test was developed with the novel sets of primers that
were suppose to differentiate male and female of experimental species i.e. Salmo salar,
Salmo trutta, Salvelinus alpinus and Salmo marmoratus. The sdY gene specific primers were
designed within exon 3 (hiTAIL ex3F 2) and 3' UTR end of sdY gene (sdY 3UTR DegR).
The Fabp6b Forward and reverse primers were taken from the previous study of (Eisbrenner
et al., 2014a), which is supposed to be present in both sex of fish. The Fabp6b amplicon is

supposed to be approximately of size 450 bp, and it is used as positive control primer (table
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2). The genomic DNA of selected species samples was amplified using sdY gene specific
oligonucleotide primers. The amplified fragment using SAY gene specific primers was
observed on gel at approximately 300 bp of size which was consistent with the expected size
of 282 bp and Fabp6b amplicon was observed at approximately of 500 bp, which was also
consistent with the expected size of 450 bp (figure 16)
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Figure 16. (A-C) Identification of sex of selected fish species by duplex PCR based genotyping test
using sdY gene specific primer: hiTAIL ex3F 2 and sdY 3UTR DegR and positive control primer
Fabp6b. A. Salvelinus alpinus, lane 1: 100 bp ladder, lane 2-6: male, 7-11: female sample, C:
negative control. B. Salmo trutta, lane 1: 100 bp ladder, lane 2-6: male sample, lane 7-11: female
sample. C. Salmo marmoratus, lane: 1-11, 18-32, 41,43-48 and 58-60 are male sample, 12-17,33-
40,42 and 50-57 are female sample, 61-65 are Salmo salar male , 66-70 are female samples and lane

71: negative control.
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These sets of primers were tested on total 90 known samples and as we expect two bands for
male i.e. one band for positive control amplicon and another band for the sdY gene specific
primers. From the results observed in figure 16, the duplex PCR genotyping test shows
strong two bands for all the male samples but faint bands for most of the female samples of
all the four selected species. The bands for the Salvelinus alpinus, male samples shows two
strong bands and the females sample shows very faint bands of the same size of sdY gene
(figure 16: panel A). In case of Salmo trutta, Salmo marmoratus and Salmo salar, clear and
strong two bands were observed for male samples and clear faint bands of approximate size
of sdY amplicon were observed for the most the samples of female. There was some
exception for the Salmo marmoratus (sample number 9 and 43), which is male samples and
supposed to have two amplicon but, in contrast results of sample number 9 does not show
any amplicon, as there was no any amplicon even for the positive control. This may be due
to degenerated DNA, for a male (sample number 43 highlighted figure: 16, C), on gel shows

a single band of only control amplicon.

Similarly, Salmo salar male samples shows two strong bands, one for positive control and
other for the sdY specific gene. Whereas the female sample shows strong band for the
positive control and faint band for the sdY gene (figure 16. C61 - C70). HRM curve analysis

of these samples was done for further analysis.

Melt curve analysis was performed from 40 ° C to 95 ° C using 0.2 ° C increments (as
describe in section 2.8). HRM curve analysis shows two different peaks for the male and the

female samples (figure 17).
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Figure 17. Duplex HRM curve analysis for male and female samples (M: male & F: female). A:

Salvelinus alpinus B: Salmo marmoratus and Salmo salar C: Salmo trutta

For all the selected species, phenotypic sex identified male samples produce a peak at around
86 °C and female samples produced a peak at approximately 85 °C (figure 17) . HRM curve
analysis of Salvelinus alpinus shows the distinct different peak with different melting
temperature for the male and female samples (figure 17 A).In case Salmo marmoratus out of
60 sample most of the samples were able to differentiate except for 10% samples (6, 41, 43,
44, 47 and 49), Although sample number 6 was labelled as male sample, the PCR result
shows only single band for sdY amplicon, and similarly on HRM the melting peak was

observed in between peak of male and female samples. On the other hand samples number
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41 and 47 was labelled as male samples, but the PCR and HRM analysis results reveals it as
female samples ( single band in PCR and Melting peak at 85 °C). Male labelled samples 43
and 44 shows only single faint band of positive control with PCR based genotyping method,
which is irrespective of the double band observed on other male samples, and a different
pattern of melting curve was observed on HRM curve analysis as well (Fig. 17 B). Sample
number 49 was phenotypically undifferentiated sex from the supplier. Further analysis of
this sample on PCR reveals no band both in the positive and the sdY amplicon, similarly

different patterns similar to sample no. 44 was observed on HRM analysis.

Among the 10 different samples of Sal/mo trutta, 9 of them follow the above results patterns
in PCR-based genotyping experiment. That means strong bands for both positive control and
sdY gene in male samples and a faint band of sdY amplicon on female samples (figurel6.
B). Similarly, for these 9 samples from PCR shows distinct peak in HRM curve analysis for
male and female samples. But in case of 9th sample (figure16. B9), although phenotypically
it was labelled as female, it shows strong bands for both the positive and sdY gene amplicon
on PCR and even in HRM shows melting peak at approximately 86 °C, which suggest it as
a male sample and there may be human error while the sampling. For salmo salar, all the

samples were able to differentiate with HRM analysis.

HRM curve analysis genotyping test with the identified Salmo marmoratus samples that was
collected from the three different places in different year (table 3), out of which 10 % does

not match with the recorded samples.

Table 3. List of Salmo marmoratus.

Serial No. Length (cm) Weight (kg) Approved Sex HRM confirmed

Year 2010- Adige

1 47 1.290 M +
2 51 1.605 M +
3 40 0.755 M +
4 53 2.065 M +
5 50.5 1.830 M +
6 45 1.030 M -

7 48 1.275 M +
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8 41 0.870 M
9 47 1.20 M
10 47 1.345 M
11 56 2.395 M
12 43.5 1.140 F
13 425 1.075 F
14 50.5 1.500 F
15 44 1.095 F
16 51 1.730 F
17 47 1.385 F
18 45 1.045 M
19 49 1.520 M
20 48 1.240 M
Year 2009- Brenca
21 48 1.520 M
22 44 0.910 M
23 47 1.270 M
24 49 1.475 M
25 47.5 1.525 M
26 44 1.055 M
27 38 0.980 M
29 50.5 1.650 M
30 51 1.675 M
31 46 1.340 M
32 47 1.280 M
33 45 1.375 F
34 47 1.580 F
35 425 1.170 F
36 44 1.205 F
37 41 1.060 F
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38 44 1.105 F +
39 39 0.785 F +
40 44 1.275 F +
Year 2008- Piave
41 55 1.500 M -
42 47 1.230 F +
43 49 1.310 M i
44 57 1.935 M |
45 50 1.580 M +
46 49 1.480 M +
47 51 1.530 M -
48 48 1.205 M +
49 47 1.100 2 ?
50 44 1.150 F +
51 41 0.895 F +
52 49 1.365 F +
53 44 1.100 F +
54 445 0.955 F +
55 48 1.260 F +
56 44 0.930 F +
57 60 2.600 F +
58 47.5 1.445 M +
59 52 1.755 M +
60 57.5 1.005 M +

M = Male, F = Female, + = HRM results consistent with the labelled record of samples, - = HRM

results against the labelled records of samples and ? = Undifferentiated sample

Few samples do not match with the labelled records that are highlighted in table 3. For the
samples number 41 and 47, both the PCR-based genotyping and HRM curve analysis show
the same result i.e. strong band of only control amplicon on the gel and the melting

temperature of approximately 85 °C. Therefore for these two samples it can be suggested
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that there may be the human error while sampling. For other samples (6, 43, 44, 49) unable

to differentiate.

B. Triplex PCR genotyping test and High resolution melting (HRM) curve analysis

Triplex PCR genotyping test was also developed to differentiate the male and female with
the three sets of specific sdY gene primers i.e. sdY exon 3F (381-399) and sdY exon 3R
(444-462), sdY exon 4 F2 and sdY 3'UTR R2 and a set of positive quality control Fabp6b
primers (table 2.). Since both sets of primers are sdY gene specific, a fully functional sdY
gene most contains these amplicon and amplified during PCR reaction. Any individual in
which both of these amplicon amplified were designated as predicted male and Fabp6b as
the positive control should present in both sex of the samples. The DNA fragment amplified
using sdY gene specific oligonucleotide primers: sdY exon 3F (381-399) and sdY exon 3R
(444-462) was observed on gel with approximate size of 100 bp which is consistent with
expected size 82 bp and for primers sdY exon 4 F2 and sdY 3'UTR R2 bands observed was
approximately of 200 bp which is consistent with the expected size 183 bp (figure 18).
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Figure 18. (A&B) Identification of male and female of selected fish by PCR based genotyping tests.
A. Lane A1-A5: male, lane A6-A10 female Salmo marmoratus and lane C: negative control. B.
lane B1-B20 & B41-B45: male and B46-B50 female Salmo salar, lane B21-B25: male Salvelinus
alpinus and B26-B30 female Salvelinus alpinus samples, lane B31-B35: male and lane B36-B40:

female Salmo trutta samples.
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This triplex PCR genotyping test was tested on all these four species of samples. We expect
three band for male samples and single band for the female samples but in figure 18 we
observed 3 bands for both male and female samples, only the difference is that male has
strong sdY gene specific bands and female have faint bands for sdY specific amplicon.
Based on these finding it can be concluded that the triplex PCR genotyping does not work
for any of the four species (Salmo marmoratus, Salmo trutta, Salmo salar and Salvelinus

alpinus). Further analysis was done by the HRM curve analysis.

Melting curve analysis was performed with the objective to get different melting peak for
different amplicons. Melt curve analysis was performed from 40 to 95 °C using 0.2
increments (as described in section 2.8). All phenotypic sex identified males produced two

peaks and all phenotypic sex identified female samples produced one peak (figure 19).
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Figure 19. Triplex quantitative polymerase chain reaction (QPCR) melt curve analysis for male (red)

and female (green) fish samples. A. Derivative melt

curves, B. difference plot for Salmo marmoratus,

C. derivative melt curves, D. difference plot for Salvelinus alpinus. E. derivative melt curves F.

aligned melt curves for Salmo salar and G. derivative melt curves, H. aligned mellt curves for Salmo

trutta. M: male & F: female
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Result of the HRM curve analysis show distinct difference between the male and female
samples, clear two peak for the male fish samples and single peak for the female samples
was observed on the derivative melt curves for all the selected species. Melting temperature
for male samples was observed from the HRM melting curve was approximately 85 °C and
for the female samples was approximately 83 °C. The difference plot also show distinct
difference between male and female samples, for Salmo marmoratus as shown in figure 19 (B)
wave like structure is female samples (green) and red line represents male samples. The
difference plot for Salvelinus alpinus male samples was identified as the straight line and the
S-shape structure was identified as female samples figure 19 (D). Aligned melt curves for
the Salmo salar and Salmo trutta show different pattern for the male and female samples as
it is clearly shown in figure 19 (F and H). Even the triplex PCR genotyping tests were unable
to differentiate sex of all the selected species the HRM curve analysis clearly able to

differentiate the sex of all the selected species.
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4. Discussion

The purpose for selecting the following species of family Salmonid for this study: Salmo
trutta, Salmo salar, Salvelinus alpinus and Salmo marmoratus was that these species are
very important in wild fisheries and in aquaculture industries. The recent discovery of the
sdY gene was identified as male specific linked gene on Y chromosome in rainbow trout and
was considered as male specific master sex-determining gene (Yano et al., 2012). Most of
the salmonid family (Salmoninae, Coregoninae and Thymallinae subfamilies) share a
conserved sex-determining locus and also suggests that sdY may be a conserved master sex-

determining gene (Yano et al., 2013).

Two popular hypotheses have been proposed for the salmonid sex determination. The first
hypothesis suggests that salmonids utilize the same sex determining gene that is jumping
from the end of one chromosome to the end of different chromosome mediated either by
transposons or by homologous recombination during meiosis (RB Phillips, Konkol, Reed, &
Stein, 2001). The second hypothesis suggest that different species among the salmonids have
different sex determining genes that evolved independently and may be related to speciation
(Davidson et al., 2009).

The sdY gene is not located at homologous genomic positions among different salmonid
species, its jumping has been associated to mobile elements and supports the first hypothesis
of salmonid sex determination (Yano et al., 2012). The sdY gene has evolved through
neofunctionalization from the Irf9 gene, which lost its role in IFN signaling pathway and
acquired new function in sex determination (Yano et al., 2012). Despite of its position in the

genome, sequence of sdY gene may useful in sex determination among salmonids.

4.1 Primer development

One of the aims of this project was to determine the full-length sequence of sdY mRNA
(cDNA) of Salmo trutta, Salmo salar and Salvelinus alpinus. From the previous study, sdY
(mRNA) gene was identified as master sex-determining gene in Rainbow trout and a fully
functional sdY gene consist of exon 1, exon 2, exon 3 and exon 4 (Yano et al., 2012). The
partial mRNA of Salmo trutta (JF826019.1), Salmo salar (JF826020.1) and Salvelinus
alpinus (JF826022.1) are available at NCBI. Based on sequence alignments of sdY gene of
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Rainbow trout and the published partial mRNA of Salmo trutta, Salmo salar and Salvelinus
alpinus, we were able to determine that these partial mRNA sequences consist of the
complete exon 2 and exon 3. A fully fuctional sdY gene contain exon 1, exon 2, exon 3 and
exon 4 so we decided to design primers targeting the conserved region of exon 2 and exon 3
of published partial mRNA (table 1), which can be used for 5' and 3' RACE to amplify 5' and
3" end of the Salmo trutta, Salmo salar and Salvelinus alpinus. On other hand, for the

hiTAIL PCR primer were designed following (Liu & Chen, 2007).

Other objective of this project was to develop PCR-based genotyping method that can
differentiate male and female samples, that can confirmed by HRM analysis. For the PCR-
based method, challenge was to identify a conserved region of sdY sequence to design

primers that can be used to amplify sdY gene for all three selected species.

4.2 RLM-RACE

The primers design on the conserved region of the sdY gene was used for the 3' RACE to
amplify the 3' end of the Salmo trutta, Salmo salar and Salvelinus alpinus. Primer based on
exon 2 and exon 4 of the sdY gene was published (Eisbrenner et al., 2014a), although these
primers shows alignment with our selected species, they were not useful because published
the exon 2 forward primer starts from the position 112 to 146 bp of exon 2. As we desired to
cover a maximum region of exon 2 so we decided to design a new exon 2 forward primer
that starts from the position 34-51 of the exon 2 of the sdY gene. Other sets of primers were
design against exon 3, and they were used for the 3' RACE to successfully amplify the 3' end
of mRNA (¢cDNA) of sdY gene of Salmo trutta and Salvelinus alpinus (section 3.2).

The project was not carried out as it was planned because last summer (July-2015) a research
group at Simon Fraser University in Canada published the complete genomic sdY sequence
of Salmo trutta (GenBank accession number: KT223112.1) and Salmo salar (GenBank
accession number: KP898410.1). After discussion with my supervisors it was decided to
perform hiTAIL PCR to amplify the 5' and 3' end of sdY gene to the extend the sequence
information for the sdY gene as a supplement to the 3' end sequence already elucidated by 3'

RACE.
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4.3 Sequencing and assembling

hiTAIL PCR was performed to determine the 5' flanking region of the sdY gene of Salmo
trutta, Salmo salar and Salvelinus alpinus. The resulted in the successfully determination of
the 5 flanking region of the Salmo trutta and Salmo salar sdY gene. The published sequence
of the Salmo trutta (GenBank accession nummber: KT223112.1) provides only 21
nucleotides upstream to the start codon, while we were able to extend this to 190
nucleotides. Also, the published sequence of Salmo salar (GenBank accession number:
KP898410.1) does not provide any 5' UTR sequence information as the sequence starts from
the start codon (ATG); we are able to determine 304 nucleotides of genomic sequence at 5'
end, which can play important role to determine the location of the sdY gene in the genome
and the 5' UTR sequence of the encoded transcript. Unfortunately, we were unable to obtain
5' flanking region of the Salvelinus alpinus gene. This might be due to lower similarity

between genera, since Salmo trutta and Salmo salar belongs to same genus.

The alignment of 3' RACE of Salmo trutta and published genomic sequence of Salmo trutta
(KT223112.1) revealed that the sequence of mRNA (cDNA) obtain from the 3' RACE
consist of longer (116 bp) 3' UTR of the sdY (mRNA) than the published genomic sequence
of Salmo trutta. This 3' UTR end of the sdY (mRNA) can play an important role to design
primer and able to amplify the 3' UTR region of the sdY gene.

GenBank containing only a partial mRNA sequence for Salvelinus alpinus (i.e. exon 2 and
exon 3) but has no information about the exon 4 sequence in this species. Alignment of the 3'
RACE product generated in this study from Salvelinus alpinus with the published genomic
sequence of Salmo trutta and Salmo salar shows that the 3' RACE of Salvelinus alpinus
align completely with exon 4 of these two published genomic sequence. Therefore, it can be
concluded that the complete sequence information about exon 4 of Salvelinus alpinus sdY is
now available and this sequence information will play important for the amplification of full-

length sequence of sdY gene in Salvelinus alpinus.
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4.4 Duplex PCR and HRM analysis

The sdY gene was identifed as the master sex-determining gene in Rainbow trout (Yano et
al., 2012) and the sdY gene are consider as conserved master sex-determining in most of the
salmonid species (Yano et al., 2013). The different sets of primers were designed within the
exons of the sdY gene with the target to develop combinations of primers that can be used to
identify the male specific gene (sdY) in different species of salmonids. Recently, PCR-
based/agarose gel genotyping method was developed to identify the sex of Tasmanian
Atlantic salmon, based on the primers design on the exon 2 and exon 4 of the sdY gene
(Eisbrenner et al., 2014a). According to the published information the primers were designed
against exon 2 and exon 4 of the sdY gene but when we aligned the exon 4 primers with the
published partial mRNA sequence of Salmo trutta, Salmo salar and Salvelinus alpinus. They
aligned with exon 3 of all three species so it can be concluded that the published exon 4

primers were actually exon 3 primers.

A duplex PCR-based/agarose gel genotyping test was developed with the combination of
Fabp6b forward and reverse primer as a control taken from the previous study (Eisbrenner et
al., 2014a) and the hiTAIL ex3F 2 as forward and sdY 3UTR DegR reverse primer. Results
of PCR using these sets of primers shows apparent amplifiction of sdY-like bands for the
female samples which could argue against the hypothesis that the sdY gene is conserved

master sex determining gene in most of the salmonid (Yano et al., 2012).

High resolution melting (HRM) curve analysis were performed with the EvaGreen qPCR
super mix and with the same sets of primers (hiTAIL ex3F 2 and sdY 3UTR DegR). The
HRM analysis result showed two clear peaks with two different melting temperatures
approximately 86 °C for male and 85 °C for female (figure 17). There are some samples that
do not match with the label sampling record of the Salmo marmoratus (10 %) and Salmo
trutta with the PCR-based/agarose gel genotyping method. For the further confirmation of
those sample run with the HRM analysis and the result of PCR-based/agarose gel genotyping
and HRM analysis seems to match with each other, so it can be suggested that there may be
human error while sampling the sex. Further conclusion can be done by testing these

methods with more samples of known sex.
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4.5 Triplex PCR and HRM analysis

A triplex PCR-based/agarose gel genotyping test was developed with the combination of one
set of control Fabp6b forward and reverse primers and two sets of sdY specific primers,
namely- sdY ex 3 F (381-399) and sdY ex 3 R(444-462), sdY exon 4 F2 and sdY 3'UTR R2.
Result of PCR using these sets of primers also shows apparent amplification of sdY-liked
bands for the female samples which could argue against the hypothesis that suggest that the
sdY gene is the conserved master sex determining gene in most of the salmonid (Yano et al.,
2012). Alternatively, the primer sets may not be specific to sdY and may also amplify other,

homologous sequences in female salmonids.

HRM analysis was performed with the same sets of primers as in triplex PCR with the
EvaGreen qPCR super mix. The result of HRM analysis shows clear differences between the
patterns of melting curves of male and female samples. When we compare the results of
agarose gels and the HRM analysis, two questions can be raised; the first question is why the
pattern which looks almost the same on agarose gels shows significant difference with the
use of HRM analysis? The other question is why we obtained amplification using the sdY
specific gene primers in female sample? These question may be explained following the
finding of (Yano et al., 2012) who suggest that the sdY gene has evolved through
neofunctionalization from the Irf9 gene, so it can be suggested that the amplicon obtained
using primer sets- sdY exon 3F (381-399) and sdY exon 3R (444-462), sdY exon 4 F2 and
sdY 3' UTR R2 contain a mixture of true the sdY amplicon in addition to an Ifr9 amplicon.
The Ifr9 sequences are present in both male and female samples; for male samples strong
PCR amplicon was observed suggesting that these amplicons are the mixture of both sdY
and Ifr9 sequence. For the female samples; only faint PCR bands were observed which
suggest that these are only Ifr9 sequence. For the HRM genotyping analysis only the nature

of sequence are enough to identify male and female.

Further analysis could have done to know more about the sdY-liked amplicon that was
observed in the female samples. As we have limited time so unable to carry out further
analysis. This could have done by performing cloning and sequencing of these amplicons. In
case of duplex PCR method, we could have done uniplex PCR for female samples with the
combination of hiTAIL ex3F and sdY 3UTR DegR primers. Either the PCR product has
done direct sequencing of PCR product or by cloning in the vector and then sequencing to

identify homologous sequences of sdY-liked sequence in BLAST. After sequencing if sdY-
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liked amplicon shows homologous with the Irf9 gene then we could have able to suggest
more accurately that the sdY gene was evolved from the Irf9 gene. Similarly, for the sdY-
liked amplicons from the triplex PCR method that was observed in the female samples can

be analysed following similar methods.
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5. Conclusion

Both the duplex PCR-based/agarose gel and triplex PCR-based/agarose gel genotyping test
cannot able to differentiate the sex of the selected species (Salmo trutta, Salmo salar
Salvelinus alpinu and Salmo marmoratus). HRM analysis with the same sets of primers as in
duplex PCR and triplex PCR can easily differentiate the sex of selected species. These HRM
analyses can be classified as quick diagnostic sex tests as the data analysis can be
accomplished with in few hours and can be performed using crude tissue (fins) as a source of

DNA.

These methods should be tested on more samples to be certain about the method and should
be also tested on other species of salmonids to check whether these methods are able to

differentiate the sex of other species of salmonids.
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Appendices

Appendix 1. primers for the direct sequencing of PCR products.

Name Sequence (5' —» 3')

MI13 Reverse CAGGAAACAGCTATGAC

T7 promoter CCCTATAGTGAGTCGTATT

sdY 5'UTR F AGAAACACTCCCCTTAACTAAT

sdY 3 UTR DegR GKYTGAWTGTCTTCTAYTTAGTGTGAG
hiTAIL ex2R 0 ATCCCATCCATCATCAGGGAGAAG
hiTAIL ex2R 2 TCCTCTTCGCAGTACTCCACTGAGACAAG
sdY ex2R (212,230) GCTTAAAACCACTCCACCC

hiTAIL ex4F 0 ATTAAATTGCCATGGGCTCAGCAGC
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Appendix 2. Alignments of all partial mRNA with the complete genomic and mRNA sdY
sequence of Rainbow trout revealed that these partial mRNA

Appendix 2.1. Exon 2 (starts from 11381 to 11740 of genomic sdY sequence of Rainbow

trout)
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Appendix 2.2 Exon 3( starts from 13795 to 13895 of genomic sdY sequence)
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2.0bits

Sequence logo

gobits TG TATTACTG ACTCTGTGTG TCCTTAG GT

13.820

S alsinus {JF828022 .1} part fel Eofe¥el L. |

S alpinus{JF8258022. partialmRNA c e
S.trutta(JF826019.1)_ partialmRNA
S.salar(JF826020.1)_partial mRNA

O.mykiss (EU081756.1)

O.mykiss sdY mRNA (ABB26896. 1)
Consensus TGGAACGCTT CAGCAGAGCA GATGGCTTCC

conservaton. [ TR Pl LI T
seauence ez [(0A=(G0TT CaaCAGAGCA GATGGCT$CC

13340 13,860

o
#

S.alpinus(JF826022.1)_ partialmRNA G -l 432
S.trutta(JF826019.1)_ partialmRNA G 432
S.salar(JF826020.1)_partial mRNA ssc 432

O.mykiss (EU081756.1) GGG 13857
O.mykiss sdY mRNA (AB626896.1) [ lssc-lel .GG-G 463

Consensus AACCGCAAAT TGGGTTCAGC CTATGGTTCG

conservetion. [ [[ T3/ iemy (I [ ]

sonvomcn iz AACCeCMARs T6GGTTCAGE CTATGGTTG

S.alpinus(JF826022.1)_ partialmRNA
S.trutta(JF826019.1)_ partialmRNA
S.salar(JF826020.1)_partial mRNA

O.mykiss (EU081756.1)

O.mykiss sdY mRNA (AB626896.1)
Chancnnono

T e

0 QOO0

Conservation

ssavencercss, CACAGACTC ATCACTCACT

1-3903
S.alpinus(JF826022.1)_ partiaimRNA BTETETTRe - - - - -------- --- - - ---- 470
S.trutta(JFB26019.1)_ partialmRNA B asaes HaEseE RATSEEE B asuEl 470
S.salar(JF826020.1)_partial mRNA !!!I!G "= mmammammmE mEmamommmo=a= 470
O.mykiss (EU081756.1) cci HEEAcETTETE TTRAETETccs 13917

O.mykiss sdY mRNA (AB626896.1) B -s  Smemesm el RlSishlan o Lonisis 501

Consensus CTATATCG == s s ccmsmmss smsmmc=====

100%
conservation. [ {[ [ |||
0% |_| |_| | | | AAmArArrrrriri —AArmAarrr—rir

2.2bits
Sequence logo &

0.2bits EGG‘I‘ ACAGATTCTEC TTACTCTGGG
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Appendix 3. Sequence of salmo salar, Salmo trutta,and Salvelinus alpinus.

Appendix 3.1 Sequence obtained for Salmo salar, the smaller (500bp) bands is
PREDICTED: Salmo salar RAD54-like 2 (S. cerevisiae) (rad5412), transcript variant X3,
mRNA

Hindif!|
20 4D

| |
salmo_salar_lowband_5000p_seguence CGCAGGCCTAATTAGGGTTGGACGCGTTTAGATACTCAAGCTATGCATC PL

[N, S8 N SV & AN

BamHI
60 B30 o0

| <
salmo_salar_lowband_500bp_sequence GCT TGGTACCGAGCTCd ATCCACTAGTAACGGCCGCCAGTGTGCTGHAAT
T SV A VAR,

v
120 140

|
| |
AGGGCGAGCACAGAATTAATACGACTCACTATAGGTTTTTTTTITTTTTG

| | |
salmo_salar_lowband_5005p_segquence CCAACTGAGGTCTTGTCCTTGCTGGGGGTCTCAGGACAGGACGAAGGGGCC

AN VAR AT

Trace data (‘

salmo_salar_lowband_500bp_sequence

Trace data

Trace data

salmo_salar_lowband_5000p_sequence

Trace data

salmo_salar_lowband_500bp_sequence

Trace data

320 340

| |

salmo_salar_lowband_5000p_sequence GGCTGGGAGCGAGACTCAGGCCTAGAATTGGGCCGECGAGGAAGCCCTGGAG
n fon oA AN f
ﬂ r\ ;" {I |‘ ‘I \ p o\ f\ .|| ‘ I\ \/(\ ;I

360 380 400

Trace data

salmeo_salar_lowband_5000p_seguence

Trace data

420 a40

I |
salmo_salar_lowband_500bp_sequence GGTGAGGTAGCTGAGGGGGAGTCCCTCCCTCCCTGEGTCTCCEGTCTCTGTA

it . N N\
Trace data nJ\/\ \,‘ \ I\ I
4‘30 480 500

|
salmo_salar_lowband_500bp_sequence CTGCCCTGGCCACTCTCTGGCCGCTCAACTGCATCATCTTCATCATCCCCA

emete. o AN A AV

£20 540 560
| I I

salmo_salar_lowband_5000p_sequence TCGTTGTCACCCTCATCTTCATCCTCAATCTCCTCCTCCTCCTCTTCGCAG

Trace data

MAAAAAY AN AN AW VNN A
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Appendix 3.2 Sequence obtained for Salmo salar longer (1 kb) bands is PREDICTED:
Salmo salar tubulin polyglutamylase TTLL11-like (LOC106562979), mRNA

Hindlll|
2 0 40

salmo_salar_highband_1kb_sequence CCAACCTATTTTAGGTGAGCGTTAGATACTCAAGCTATGCATC EGCTTGG

Trace data

BamH| EcoRl|

60 BIJ 100

| |
salmo_salar_highband_1kb_sequence TACCGAGC TC%ATCCACTAGTAACGGCCGCCAGTGTGC TG%ATTCAGGA

Trace data

120 140
|

salmo_salar_highband_1kb_sequence GTACTGCGAAGAAGGAGGAAGCCAGTCACCETGGACACGTTCAAAGCCAAA

[ [ Afh ’\I i
Trace data m 'ﬂﬂﬂ[\[\‘ IIA_MM [VU\L]VU—\ | {V\ Jr ‘”‘I‘ ""“”"
y V I 1] I
160 180 0
! 1
salmo_salar_highband_1kb_sequence ACCTCTTTGGAGGCACTGAAGCTCAGCATCAGGCAGCTCAAATGGAAAGAG

MWWWWMmMMMMWMWWM

salmo_salar_highband_1kb_sequence GTAAGTCCTTGCTTCATTGATTAATATTTATTGCCAAAATGTAGGCTATAG
. T
PV ‘N NV f\ J\ /\: /W\x A Vot VWA

300

salmo_salar_highband_1kb_sequence ATAGT CATCATTGEGTCTCTGTGCT TAAGTTAGGGAGT T CAGAAGCCTCAGGG

Trace data

320 340

I
salmo_salar_highband_1kb_sequence CCGGTCCTTGCCATTCCGCCGCCCTAGTCGAGACCAAAAAATGTGGCCCCT

Trace data

PAAANNNAAAANMAANAANANN AMrscsnnnnnNaAnpnnn

350 380 400
| | |

salmo_salar_highband_1kb_sequence GCAAAACTAGTATAGTCCCAATAAGCTAAATGACATTGAAAATATGTCTAA

Trace data

42c 440
| |

salmo_salar_highband_1kb_sequence ATACGTATTTTCCAGATGTTGAAGTTGTGTTCAATTTAGGTCTGAATGAAA

Trace data

460 430 500
| |

|
salmo_salar_highband_1kb_sequence GGGGAAAGACCTATTTTCGTATGTATAGATAATATTTTCCAAAACATTGAA

Trace data

salmo_salar_highband_1kb_sequence AAGGC

Trace data
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Appendix 3.3 3' RACE sequence Salmo trutta (464 bp)

20 40

| |
S.trutta 3' RACE sequence TTCAGCAGAGCAGATGGCTTCCAACCGCAAATTGGGEGTTCAGCCTAT

Trace data

S.trutta 3' RACE sequence

Trace data

S.trutta 3' RACE sequence

Trace data

140 160 180
|

S.trutta 3' RACE sequence AGGATCTGGCTTGAGTCCTCCCCTGTCTCTCCTGGAGTCTGAAAAT

np
N \

Trace data |

200 220

S.trutta 3' RACE sequence

Trace data

| |
S.trutta 3' RACE sequence GCCACAGCCCTTTCCACCACACCTGTTCCCACACCCTAATCACCTC

280 300 320
| | |

S.trutta 3' RACE sequence TCCTCCACCTTTTTACCTCTTTTCATTCCCTATATAAGCAGCATGC

Trace data

340 360

| |
S.trutta 3' RACE sequence TTCTTCCTGAGCTATAGTATTGGCACTATATTTCTTCCACCTCACA

Trace data

380 400
1 |

S.trutta 3' RACE sequence CTAAGTAGAAGACAATCAGCCAGTAAATAAATAAATACCCTTCAAA

Trace data

S.trutta 3' RACE sequence

Trace data

S.trutta 3' RACE sequence ACGCG

Trace data
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Appendix 3.4 3' RACE sequence Salvelinus alpinus (455 bp)

S.alpinus 3' RACE sequence

Trace data

S.alpinus 3' RACE sequence

Trace data

100 120
| |

S.alpinus 3' RACE sequence TAAATTGCCATGGGCTCAGCAGCTATTCAAGCAAGCTCACGACTTC

Iv] 180
| | |

S.alpinus 3' RACE sequence AGGATCTGGCTTGAGACCTCCCCTGTCTCTCCTGGAGTCTGAAAAT
i ‘. , 0
f\ i i \ A
Trace data ,‘"-,‘ ..‘I | /! /\-‘I | / \ %/\/\/V\[\" W/ J\

i
200 220
| |
S.alpinus 3' RACE sequence ATGGTTGGTCCCAACAGGACTCCAATTGCTCCCAATATTAGCCTAT

Trace data

240 260

| |
S.alpinus 3' RACE sequence GCCACAGCCCTTTCCACCACACCTGTTCCCTCACCCTAATCACCTC

320
|

280
| |
S.alpinus 3' RACE sequence TCCTCCACCTTTTTACCTCTTTTCATTCCCTATATAAGCAGTATGC

Trace data

340 360
| |

S.alpinus 3' RACE sequence TTCTTCCTGAGCTATAGTATTGGCACTATATTTCTTCCACCTCACA

380 400
| |

S.alpinus 3' RACE sequence CTAAGTAGAAGACAATCAACCAGTAAATAAATAAATACCCTACAAA

Trace data

DCANANNLAANNNANNANNYN YA

BamHI|

Va4

420 440
|

|
S.alpinus 3' RACE sequence AAAAAAAAAACCTATAGTGAGTCGTATTAATTC*ATCCGC

Trace data
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Appendix 4. Assemble results

Appendix 4.1. 5' end, exon 1, intron 1. exon 2 ,exon 3, exon 4 and 3' UTR for Salmo trutta

a0

Coverage

Salmo trutta sdY gene 5 end (exon1&2) lcccTATTCCATAT

S trutta sdY mMRNA partial JF826019
trout_vector_deleted_sequence

Trace data

exon4_3'UTRDea

e

Salmo trutta sdY gene &' end (exon1&2)

S trutta sdY mRNA partial JF826019
rout_vector_deleted_sequence

Trace data

exona_3'UTRDeg

1 ACTAATCATTTTACATGAAAAAATGCATATCAAAAACTCCAGCGCATGTTTAAAAGCAGTCCTTAGAGGTTTITGAATCCACCTGCCCT
Coverage

Salmo trutta sdY gene 5' end (exon1&2) A

CATATCAAAAACTCCAGC

S trutta SdY MRNA partial JF826019
trout_vector_deleted_sequence.

Trace data

exond_s'UTRDeg

Consensus 1 TCAATGGCTGACAGAGAGGCCAGATTCCAAGGTACAGAACACACAAATATTCAGTATGTTTATCTAAGAGTGTTTTGATTTTCATTAT

Salmo trutta sd¥ gene 5' ond (exon1&2) T A

b

ACAAATATTCAGTATGTTTATCTA

S trutta sdY mRNA partial JF826019
trout_vector_deleted_sequence

Trace data

exona_3UTRDeg
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as0 aac
1 1 I

Consensus 1 TTTTGGGCCCTATGAATTTCTGATGTTAAGGACTGTGTCTATGTGGTTATTTCCCATGTCTGATCTTTTGAGGGAAATGCTCAAAATS
Coverage

tunflil:t L.;nﬂ ct fcnf =
Salmo trutta sdY gene &' end (exon1&2) T T 7 A A

S trutta sdY mRNA partial JF826019
trout_vector_deleted_sequence

Trace data

exond_3'UTRDeg

a60
1

430
i

500
1

520
0

Consensus 1 AGTATATAGCATTTTGGAATTAAGCTTCAGTTGTACAATTTCATTACTATACGTTTTTTGTGCTAATTTTATAATGTTCATGTCGCAA

.
tonﬂict

ATTAAGCTTC

Salmo trutta sdY gene 5' end (exon1&2) AGTA T

S trutta sdY mRNA partial JF826019
trout_vector_deleted_sequence

Trace data

exond_3'UTRDag

c 1 ATCTGTTATAAAAAGTC TGTTCTTCT TCATTGAAATTATTTTTTTCTCTCTCTCCCCCECTCTETECTETCTCETC
Coverage
tonfllct
Salmo trutta sdY gene 5'end (exon18&2) ATC TG T T A TC cTeTTCT

S trutta sdY mRNA partial JF826019
trout_vector_deleted_sequence

Trace data

exona_:

'UTRDeg
620 &80 700
T T i

Consensus 1 TATTTCTCTGTCTCTCCCTAACTCTCTCTCTCCETCTCTCTCTCTCTETECTCTCTCCCTCTCTECTECTCTETETCCETECETEECTETE
c

Salmo trutta sdY gene 5' end (exon1&2) TATT

S trutta sdY mRNA partial JF826019
trout_vector_deleted_sequence

Trace data

exona_3'UTRDeg
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20 740 60 80
i i i i
Cont
Ci 1 TCTCTCTCTCTCTCTCTCTCCTCCCTCTCTTTCTATGTCCCTCTGTTACTCTCTCTCTCCCCAGCCCAGCACTCTTTTCTTGTCTCAG
Coverage

Salmo trutta sdY gene &' end (exon1&2)

S trulta sdY mRNA partial JF826019

trout_vector_deleted_sequence

Trace data

exon4_3'UTRDeg

o0 820 840 a0 sac
iConflict
Conflict
< 1 TGGAGTACTGCGAAGAGGACCTGCTTAGTCATGAGGTTATGGGGAGTGATGTCAGAATTGCCTACAAGCCCTTCTCCCTGATGATGGA

Coverage

Salmo trutta sdY gene ' end (exon1&2)

S trutta sdY mRNA partial JF826019
trout_vector_deleted_sequence

Trace data

exond_3'UTRDeg

1 TGGGATCCCCGTCATCTCTCTCCCAAAGCCCCCCGACACCATTCCCATCTCCTCTGACCGTTCAACCCTETCCAACCTGETTTCECETE
Coverage

S trutta sdY MRNA partial JF826019 1 GGG A T

trout_vector_deleted_sequence

Trace data

exon4_3'UTRDeg

080 1,000 1,020 1080
i

1 ATGGAGGGTGGAGTGGTTTTAAGCTCTAGGGAGGAAGGCATCTATGC TGAACGGCATAGCCAAGCCATAGTCTCCTGGATGGGCGGCA
Coverage

Salmo trutta sd¥ gene 5' end (exon182) ATGGAGGGTGGAGTGGTTTTAAGCTCTAGGGAGGAAGGCATCTATGC TGAACGGCATAGCCAAGCCATAGTCTCCTGGATGGGCGGCA

S trutta sdY mRNA partial JF826019 A1 GG AGGG T

trout_vector_dslated_sequence

Trace data

exon4_s'UTRDeg
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1420 1140

Consensus 1 CGGGGGATGAGATGCACGTGATGGAGCGTGATGTGGATCCTGTGATGCTCTTCAACAGGGAGACCTTCAGACAGGAGTTGGAACGS TT
Coverage

Salmo trutta sdY gene 5' end (exon182) CGGGGGATGAGATGCACGTGATGGAGCGTGATGTGGATCCTGTGATGCTCTTCAACAGGGAGACCTTCAGACAGH|

S trutta sdY mMRNA partial JF826019 CGGGGGATGAGATGCACGTGATGGAGCGTGATGTGGATCCTGTGATcCTCTTCAACAGGGAGACCTTCAGACAGGAGTTGGAACGC‘TT
Woul_veutor_deletud_seguernees =
Trace data

exon4_3'UTRDeg

;:m
1 CAGCAGAGCAGATGGCTTCCAACCGCAAATTGGGTTCAGCCTATGGTTCGGACAAGACTCATCACTCAGTGCACCAATCTCTATATCS
Coverage |

Salmo trulta sdY gene §' end (exon1&2)

S trutta SaY MRNA partial JF826019 CAGCAGAGCAGATGGCT TCCAACCGCAAAT TGGGT TCAGCC TATGG T TCGGACAAGACTCATCAC TCAGTGCACCAATCTCTATATIG
trout_vector_deleted_sequence CAGCAGAGCAGATGGCTTCCAACCGCAAAT TGGGT TCAGCCTATGGTTCGGACAAGACT
AT T A AR AR AT A AR R AR AT AR TR RRARARRTAT A
f [ il Tifk \ | Il
RAVATANY V\ \ | | [TV

Trace data

exona_3'UTRDeg

1240 1.260 1.280
! !

nflict Conflict

1 ATTAAATT -GCCATGGGCTCAGCAGCTATTCAAGCAAGCTCACGACTTCAGGATCTGGCTTGAGTCCTCCCCTEGTETCTCCTGGAGTS
Coverage

Salmo trutta sdY gene 5' end (exon1&2)

3
S trutta sdY MRNA partial JF826019 AT TAAAT T - GCCATGGGCTCAGCAGCTAT TCAAGCAAGC TCACGAY

trout_vector_deleted_sequence AT TAAATT -GCCATGGGCTCAGCAGCTATTCAAGCAAGCTCACGACTTCAGS
AN A A i A -
LN “l l | ﬁ
!

ATCTGGCTTGAGTCCTCCCCTGTCTCTCCTGGAGTC
n I

/ |

Trace data |

exon4_3UTRDeg JAT TAAATTHGCCATEEGCTCAGCAGETAT TCAAGCAAGE TCACGACT TCAGGATCTGECTTEAGTCETCCCETGTETCTCCTEGAGTE
o w00 100 a0 a0

Conflict

Consensus 1 TGAAAATACTGGTTGGTCCCAACAGGACTCCAATTGCTCCCAATATTAGCCTATGCCACAGCCECTTTCCACCACACCTGTTCECACAS
Coverage

Salmo trutla sdY gene 5' end (exon182)

S trutta sdY mRNA partial JF826019
trout_vector_deleted_sequence TGAAAATABTGGTTGGTCCCAACAGGACTCCAATTGCTCCCAATATTAGCCTATGCCACAGCCCTTTCCACCACACCTGTTCCCACAC

s e\ AN e s A AR A A s

exond_3'UTRDeg TCAAAATAC

TGGTTGGTCCCAACAGGACTCCAATTGCTCCCAATATTAGCCTATGCCACAGCCCTTTCCACCACACCTGTTCCCACAC
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Coverage

Salmo trutta sdY gene §' end (exon182)

S trutta sdY MRNA partial JF826019

trout_vector_deleted_sequence ©CTAATCAC

Trace data A

exon4_BUTRDeg ©CTAAT

i
|Confiict
onflict
nflict

et
>t

(Confilct
\Conflict

CCCACTCGGCACTATATTTCTTCCACCTCACACTAAGTAGAAGACAATCAGCCAGTAAATAAATAAATACCCTTCAAAAACACAAAAA

Coverage — .

Salmo trutta sdY gene ' end (exon1&2)

S trutta sAY MRNA partial JFB26019

trout_vector_deleted_sequence TGGCACTATATTTCTTCCACCTCACACTAAGTAGAAGACAATCAGCCAGTAAATAAATAAATACCCTTCAAAAACACAAAAA

Trace data A

exona_a'UTRDeg

1,600 1,620
|

Consensus 1 AAAAAAAACCTATAGTCGAGTCEGTATTAATTCGGATCCGCG

Coverage )
o

Salmo trutta sdY gene 5' end (exon1&2)

S trutta sdY mRNA partial JF826019

trout_wvector_deleted_sequence A A A A A

Trace data

exond_3'UTRDeg
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Appendix 4.2. 5' end, exon 1, intron 1, exon 2, exon 3 and exon 4 for Salvelinus alpinus

c 1

TAAAAAACCCCCTCCCCTAACTAATCATTTTACATGAAAAAAATGCATTTCAAAAACTCCAGCGCGTGTTTAAAAGCAGTCCTTAGAGGT
Coverage |

Salvelinus alpinus S'end (exon1 & 2)

Salvelinus alpinus partial mRNA

Charr_vector_deleted_:

sequence

Trace data

100
1

160 8¢
I v 1

Consensus 1 TTTGAATCCACCCTGCCCTTCAATGGCTGACAGAGAGGCCAGATTCCAAGGTACAGAACACACTAATATTCAGTATGTTATCTAAGAGTG
Coverage

Salvelinus alpinus S'end (exon1 &2) TTTGAATCCACCT

Salvelinus alpinus partial mRNA
Charr_vector_deleted_sequence
Trace data

220 240
1 i I

Consensus 1 TTTTGATTTTCATTATTTTGGGCCTATGAATTTCTGATGTTGAACAGCTTAAGGACTGTGTCTATGTGTTTATTTCCATGTCTGATCTTT
Coverage

Salvelinus alpinus 5'end (exon1 &2) T 77T T

Salvelinus alpinus partial mRNA
Charr_vector_deleted_sequence

Trace dala

200 az0 asc

Consensus 1 TGAGGGAAATGCTCAAAATGAGTATATAGCGTTTTGGAATTAGCTTCAGTTGTACAATTTCATTACTATACTTTTTTTGTGCTAATTTTA
Coverage

Salvelinus alpinus S'end (exon1 & 2)

Salvelinus alpinus partial mRNA
Charr_vector_deleted_sequence

Trace data

380 200
1 1

420 a0
0 |

1 TAATGTTCATGTCGCAAATCTGTTATAAAAAGTCAGGAGCTGTTCTTCTGCGAGACTGCTCATTGAAATTATTTTTTTCTCTCTCTCETCE
Coverage

Salvelinus alpinus S'end (exon1&2) TAATGT TCATGT

Salvelinus alpinus partial mRNA
Charr_vector_deleted_sequence
Trace data
a0
T i

s20 sac
i T I

Consensus 1 TTETCCTCCCCCCTECTCTECTCTCTECTCTCTATTTCTCTGTCTECTCCCTCCCTCCCTCTCTCTECTCTCCTCCCTCTECTTTCTATGTCCCTE
Coverage

Salvelinus alpinus S'end (exon1 &2) TTC T TccccceT
Salvelinus alpinus partial mMRNA
Charr_vector_deleted_sequence.

Trace data



85

Consensus 1 TGTCACTCTCTCTCTCCCCAGCCCAGCACTCTTTTCTTGTCTCAGTGGAGTACTGCGAAGAGGAGGTACTTAGTCATGAGGTTATGGGGA
.

Salvalinus alpinus Fand (axon1 & ?) TGTCACTCTCTCTCTCCCCAGCCCAGCACTECTTTTCTTGTCTCAGTGGAGTACTGCGAAGAGGAGGTACTTAGTCATGAGGTTATGGGGA

Salvelinus all

us partial MRNA JAGCCCAGCACTCTTTTCTTGTCTCAGTGGAGTACTGCGAAGAGGAGGTACTTAGTCATGAGGTTA

Charr_vector_deleted_sequence

Trace data

Conflict

Consensus 1 GTGATGTCAGAATTGCCTACAAGCCCTTCTCCCTGATGATGGATGGGATCCCCTGTCATCTCTCTCCCAAAGCCCCCCGACACCATTCCC

Coverage

Salvelinus alpinus S'end (exon1 & 2) GTGATG TCAGAATTGCCTACAAGCCCTTCTCCCTGATGATGGATGGGATCCCCTGTCATCTCTCTCCCAAAGCCCCCCGACACCATTCCT

Salvelinus alpinus partial MRNA GTGATGTCAGAATTGCCTACAAGCCCTTCTCCCTGATGATGGATGGGATCCCCHGTCATCTCTCTCCCAAAGCCCCCCGACACCATTCECT
Charr_vector deleted sequence

Trace gata

|Conflict _Conflict
iConflict Confllct
iConflict _Conflict

LERLL ¢

o] o
AAARLAL
c 1 ATCTCCTCTOACCATTCAACCCTCTCCOATE OO0 T TEGaAACCTACTTTCCCTCATGGAGGGTGGAGTEATTTTAAGCTCTAGGGAGGAA

Coverage

Salvelinus alpinus S'end (axon1 & 2) ATCTCCTCTGACCGTTCAACCETETCECATECCETTECH

Salvelinus alpinus partisl MRNA AT CTCCTCTGACCGTTCAACCCTOTCE

Gharr_vector_deleted sequence

Trace data

a20 840 ss0 ss0 s0c

c 1 GGCATCTATGCTGAACGGCATAGCCAAGCCATAGTCTCCTGGATGGGCGGCACGGGGGATGAGATGCACGTGATGGAGCGTGATGTGGAT

Coverage
Salvelinus alpinus 5'end (exon1 & 2)

Salvelinus alpinus partialmRNA GGCATCTATGCTGAACGGCATAGCCAAGCCATAGTCTCCTGGATGGGCGGCACGGGGGATGAGATGCACGTGATGGAGCGTGATGTGGAT
Charr_vector_deleted_sequence
Trace data

> 920 910 950 980
T

Consensus 1 CCTGTGATGCTCTTCAACAGGGAGACCTTCAGACAGGAGT TGGAACGCTTCAGCAGAGCAGATGGCTTCCAACCGCAAATTGGGTTCAGS

Coverage

Salvelinus alpinus S'end (exon1 & 2)

Salvelinus alpinus partial MRNA GCTGTGATGCTCTTCAACAGGGAGACET TCAGACAGOAGT TGOAACGCT TCAGCAGAGCAGATGOCT TGCAACCECAAAT TGEGTTCAGE
e it U Spmsiices R A AR R AR OO E Y TE O ARG S AR AT TSI TOREE
o
Trace data \ ) A
AT \V\ /W W\

1.000 1.020 108
i i i

Consensus 1 CTATGGT TCGGACAAGACTCATCACTCAGTGCACCAATCTCTATATTGATTAAATTGCCATGGGCTCAGCAGCTATTCAAGCAAGCTCAC

Coverage

Salvelinus alpinus 5'end (exon1 & 2)

Salvelinus alpinus partial MRNA CTATGGT TCGGACAAGACTCATCACTCAGTGCACCAATCTCTATATTGATTAAATTGCCATGGGCTCAGCAGCTATTCAAGCAAGCTCAC
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1100 1120 1140 1,180

Consensus 1 GACTTCAGGATCTGGCTTGAGACCTCCCCTGTCTCTCCTGGAGTCTGAAAATATGGTTGGTCCCAACAGGACTCCAATTGCTCCCAATAT
Coverage

Salvelinus alpinus 5'end (exon1 & 2)

Salvelinus alpinus partial MRNA G A

Charr_vector_deleted_sequence GAC T TCAGGATCTGGC T TGAGACCTCCCCTGTCTCTCCT

1180 1.200
i I

3 TCCCAACAGGACTCCAATTGCTCCCAATAT

Consensus 1 TAGCCTATGCCACAGCCCTTTCCACCACACCTGTTCCCTCACCCTAATCACCTCTCCTCCACCTTTTTACCTCTTTTCATTCCCTATATA
Coverage

Salvalinus alpinus S'and (axon & 2)
Salvelinus alpinus partial MRNA

Charr_vector_deleted_sequence TAGCCTATGCCACAG

CTCACCCTAATCACCTCTCCT

o 1280 1,300

Consensus 1 AGCAGTATGCTTCTTCCTGAGCTATAGTATTGGCACTATATTTCTTCCACCTCACACTAAGTAGAAGACAATCAACCAGTAAATAAATAA
Coverage

Salvelinus alpinus S'end (exon1 & 2)
Salvelinus alpinus partial MRNA

Charr_vector deleted sequence AGCAGTATGCTTCTT

CTGAGCTATAGTATTGG

CACTATATTTCTTCCACCTCACACTAAGTAGAAGA

oo <2 A AN AN AN N AN A

A/

1,360 1,380 1,400

Consensus 1 ATACCCTACAAAAAAAAAAAAACCTATAGTGAGTCGTATTAATTCGGATCCGC

Coverage
o

Salvelinus alpinus 5'end (exon1 & 2)
Salvelinus alpinus partial mMRNA
Charr_vector_deleted_sequence ATACCCTACAAAAAAAAA

Trace data

{\[ywy\ ot VATAVL VAV WAV
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Appendix 4.3. 5' end with exonl, intronl, exon 2 ,exon 3, exon 4 and 3' UTR for Salmo

salar

Consensus 1 AGGACGATGGACACAAAGCGGCCGCGTATTAGGAACCCTATTCGATATATAGTGCACTATTTTTGGTTTACAAAGAATTATATTGTAGTGTC

Goverage |

salmo_salar_S5'end_exon1_2_3 [AGGACGATGGACAC

exond_3UTR
100 120 140 160 180
i i ! i i
Ci 1 TTCTGTCTTTATCCTGTCTGGTACAAGATAAAGTCTGCAA - TGAGCAAGGCCTTGGCCTTCACCTGACAGG
Coverage

salmo_salar_S'end_exon1_2_3 T 7 TC GTCTGGTA

exond_3'UTR
200 220 240 260
i ] i

Consensus 1 AGAGGATTGAGAGAGAAACACTCCCCTTAACTAATCATTTTACATGAAAAAATGCATATCAAAAACTCCAGCGCATGTTTAAAAACAGTCCTT

Coverage

salmo_salar_S'end_exon1_2_3 AC ATTGAGAGAGAAAC

exond_3'UTR

200 200 220 240 ac0
I I 1

Consensus 1 AGAGGTTTTGAATCCACCTGCCCTTCAATGGTTGACAGAGAGGCCAGATTCCAAGGTACAGAACACACAAATATTCAGTATGTTATCTAAGAG

Coverage

salmo_salar_S'end_exon1_2_3 AGAGGT T CCACCTGCCCTTCAATGGTTGACAGAGAGGCCAGATTCCAAGG A “ACAAA CAG GTTATCTAAGAG

exond_3'UTR

0 %0 20 0 10
c 1 TGTTTTGATTTTCATTATTTTGGGCCTATGCATTTCTGATGTTGAACAGCTTAAGGACTGTGTCTATGTGGTTATTTCCATGTCTGATCTTTT
Coverage
salmo_salar_S'end_exon1 2 3 TGTTTTGA T TATTTTGGGCCTATGCATTTCTGA T Aca AAGGACTGTGT ATG GT TCCATG TGATC
exond_3'UTR
a0 0 20 s
Ci 1 GAGGGAAATGCTCAAAATGAGTATATAGCGTTTTGGAATTAGCTTCAGTTGTACAATTTCATTACTATACTTTTTTTGTGCTAATTTTATAAT
Coverage

salmo_salar_S'end_exon1_2_3 GAGGGAAATGCTCAAAATGAGTATATAGCGTT

exond_3'UTR
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560 580 600 620 640
| | | |

Consensus 1 GTTCATGYTGCAAATCTGTTATAAAAAGTCAGGAGCTGTTCTTCTGCGAGACTGCTCATTGAAATTTTGTTTTTCTCTCTCTCTCYCTCTCTM

Coverage
o

salmo_salar_5'end_exon1_2 3 ATGYTGCAAATCTGTTAT

exon4_3'UTR

660 680 700 720 740
| | |

Consensus 1 CCCCACYCTCTCTCTCTCTCTCTCTCTCTCYCTMWACTCTCTCTCTCYCTCTCTCTCTCTCTYTCTCTCTCTCTCTCYCYCTCTCTCTCTCTC

Coverage
o

salmo_salar_5'end_exon1 2 3 ©

exond_3'UTR
760 780 80 820
i I | |

Consensus 1 TCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCCCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCT

Coverage
.

salmo_salar_5'end_exon1_2 3 TC TCTCTCTCTCTCTCTCTCTCTCT c TCTCTCTCTCTCCCTC CTCTCTCTCTCTCTCTCTCTCT c TCTCTCTCTCTCTCT

exond_3'UTR
840 860 880 900 920

Consensus 1 CCTCCCTCTCTTTCTATGTCCCTCTGTCACTCTCTCTCTCCCCAGCCCAGCACTCTTTTCTTGTCTCAGTGGAGTACTGCGAAGAGGAGGTGC

Coverage
o

salmo_salar_5'end_exon1 2 3 CCTCCCTCTC CTATGTCCCTCTGTCACTCTCTCTCTCCCCA

exond_3UTR

Consensus 1 TTAGTCATGAGGTTATGGGGAGTGATGTCAGAATTGCCTACAAGCCCTTCTCCCTGATGATGGATGGGATCCCCGTCATCTCTCTCCCAAAGC

Coverage
o

salmo_salar_5'end_exon1_2 3 TTAGTCATGAGGTTATGGGGAGTGATG AATTGCCTACAAGCCCTTC CCTGAT TGGATGGGATCCCCGTCATCTC T

exon4_3UTR

1,040 1,060 1,080 1,100

Consensus 1 CCCCCGACACCATTCCCATCTCCTCTGACCGTTCAATCCTCTCCAACCTGCTTTCCCTCATGGAGGGTGGAGTGGTTTTAAGCTCTAAGGAGG

Coverage
o

salmo_salar_5'end_exon1_2 3 CCCCCGACACC of o >TCCTC ACCGTTCAATCCTC CAACCTGCTTTCCC

exond_3'UTR
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1,120 1,140 1,160 1,180 1,200
|

C 1 AAGGCATCTATGCTGAACGGCATAGCCAAGCCATAGTCTCCTGGATGGGCGGCACGGGGGATGAGATGCACGTGATGGAGCGTGATGTGGATC

Coverage
o

salmo_salar_5'end_exon1_2 3 A

exon4_3'UTR
1,220 1,240 1,260 1,260 1,300
I i I i} I
C 1 CTGTGATGCTCTTCAACAGGGAGACCTTCAGACAGGAGTTGGAACGCTTCAGCAGAGCAGATGGCTTCCAACCGCAAATTGGGTTCAGCCTAT
Coverage
.

salmo_salar_5'end_exon1_2 3 €T

exond_3'UTR
1320 1,340 1,360 1,380
i i i
iConflict
(Conflict

Consensus 1 GGTTCGGACAAGACTCATCACTCAGTGCACCAATCTCTATATCGATTAAATTTGSCATGGGCTCAGCAGCTATTCAAGCAAGCTCACGACTTC

Coverage
o

salmo_salar_S'end_exon1_2 3 &

exond_3UTR

Consensus 1 AGGATCTGGCTTGAGTCCTCCCCTGTCTCTCCTGGAGTCTGAAAATATGCGYTGGTCCCAACAGGACTCCAATTGCTCCCAATATTAGCCTAT

Coverage
o

salmo_salar_5'end_exon1_2_3

exon4_3'UTR #

Ci 1 GCCACAGCCCTTTCCACCACACCTGTTCCCACACCCTAATCACCTCTCCTCCACCTTTTTACTCATACTTTTCATTCCCTATATAAGCAGTAT

Coverage
o

salmo_salar_5'end_exon1_2_3

exon4_3'UTR TTTCCACCAC CCAC . Tav rA
0 1600 1680
C 1 GCTTCTTCCTGAGCTATAGTATGCACTAATTCCACTGGCACTATATTTCTTCCACCTCACACTAAATAGAAAACAAATCAAACTGA
Coverage ‘
o

salmo_salar_5'end_exon1_2_3

exond_3'UTR
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Appendix 5. list of primers that was design to identify male samples.

Name

Sequence (5' - 3")

hiTAIL ex3F 0

GCAGAGCAGATGGCTTCCAAC

hiTAIL ex3F 1

ACGATGGACTCCAGTCCGGCCCCTATGGTTCGGACAAGACTCATCA
CTC

hiTAIL ex3F 2

TCAGCAGCTATTCAAGCAAGCTCACGAC

hiTAIL ex4F 0

ATTAAATTGCCATGGGCTCAGCAGC

hiTAIL ex4F 1

ACGATGGACTCCAGTCCGGCCACTTCAGGATCTGGCTTGAGACCTC

hiTAIL ex4F 2

CTCCCCTGTCTCTCCCGGA

hiTAIL ex4F2

ATTCAAGCAAGCTCACGAC

sdY ex4F AGTTGGAACGCTTCAGCAGAGCAGATGG
sdY inlF GCTGTTCTTCTGCGAGACT

sdY5' UTR F AGAAACACTCCCCTTAACTAAT

sdY ex4 F AGTTGGAACGCTTCAGCAGAGCAGATGG
sdY ex4 R GACAAGACTCATCACTCAGTGCACCAATCT
sdY ex4 R AGATTGGTGCACTGAGTGATGAGTCTTGTCC
(corrected)

sdY ex2 R2 ATCACTCCCCATAACCTCATGACTAAG

sdY ex1R GGAATCTGGCCTCTCTG

sdY ex4 F2 ATTCAAGCAAGCTCACGAC

sdY 3'UTR R2 AAAAGAGGTAAAAAGGTGGAGG

sdY 3UTR Deg R

GKYTGAWTGTCTTCTAYTTAGTGTGAG




91

hiTAIL ex2R 0 | ATCCCATCCATCATCAGGGAGAAG

hiTAIL ex2R 1 | ACGATGGACTCCAGTCCGGCCGGGCTTGTAGGCAATTCTGACATCA
CTC

hiTAIL ex2R 2 | TCCTCTTCGCAGTACTCCACTGAGACAAG

sdY ex2 R TAGAGCTTAAAACCACTCCACCCTCCATGAGGGA

(correct)




