


Abstract

The pigment pattern pathway can be studied in zebrafish
to further the understanding of early vertebrate development.
To fully genetically characterize the pigment mutation
golden*bl in zebrafish, the gene must be mapped and the
disrupted molecule identified. In 1986, George Streisinger
hypothesized that the golden*bl mutation would map far from
its centromere. This hypothesis has been confirmed by
mapping golden*bl to zebrafish linkage group 18, far from the
centromere. Tyrosinase-Related Protein-2 (TRP2), a molecule
involved in the production of the black pigment melanin, is
hypothesised to be the molecule disrupted by the golden*bl
mutation. Mapping TRP2 in the zebrafish genome will provide
further understanding of the pigment pattern pathway in

zebrafish and possibly humans.
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zebrafish will give us a better understanding of general

vertebrate development.



Chapter One:

The golden mutation: Defining the problem

One aspect of development which is readily wvisible is
pigmentation. Pigmentation is caused by the production of
melanin. Melanin is a dark brown/black pigment found in the
skin, retina and hair. Melanin is produced in a melanocyte,
an epidermal cell which comes from the neural crest (Gilbert
et al., 1997). The cells of the neural crest break loose
from the epithelium along the line where the neural tube
pinches off from the future epidermis. These cells migrate
independently out through the mesoderm, and will form most of
the peripheral nervous system (Alberts et al., 1989).

A defective production of melanin results in albinism, a
complete lack of pigment in hair, retina and skin cells
Albinism is caused by a mutation in tyrosinase function, an
enzyme involved in melanin synthesis (Boissy et al., 1996).
Tyrosinase is the key enzyme in melanin synthesis Tyrosine is
a precursor of melanin. The oxidation of tyrosine by
tyrosinase leads to the formation of melanins. Tyrosine
metabolizm in the melanocytes causes the appearance of spots
and stripes in many animals as well as the varied shading of
yellow, red, brown and black mammalian hair (Halaban et al.,
1997).

The golden (gol*bl) mutation in zebrafish was the first

zebrafish mutation discovered by Charlene Walker and George






brown pigment, rather than black, along with brown pigmented
retina in the eye (Striesinger et al., 1986). In the adult,
the brass mutant contains no black pigment, prominent rows of
xanthophores are expressed, and the eye is deep ruby red
(Striesinger et al., 1986). The phenotype of both of these
zebrafish mutants is similar to the human condition Brown
Oculocutaneous Albinism (OCA3). This mutation is located on
Hsa 9p23. Recently, pigment mutations in humans have been
associated with a protein called Tyrosinase Related Protein-1
(TRP1). OCA3 is a mutation in the TRP1l gene that causes a
lack of expression of the TRP1l protein in their melanocytes
(Boissy et al., 1996). A TRP1 mutation has been discovered
in a pair of African-American human fraternal twins. The
affected twin is much lighter in pigmentation than his
unaffected, normal type brother. The affected twin suffers
from Brown Oculocutaneous Albinism (Brown OCA). The mutants
golden and brass in zebrafish both have defective melanocyte
expression. This suggests that golden or brass may be a
mutant in a TRP gene. The goal of my thesis is to test this

hypothesis.

Testing the hypothesis

One test of the hypothesis that golden or brass is a
mutant in a tyrosinase related protein, is to compare the
location of these mutations with the location of the TRP gene

on the zebrafish genetic map. Mapping consists of placing
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Although about 150 zebrafish genes and 20 mutations have
been mapped, previous work had failed to map golden. The
hypothesis that golden is located far from the centromere was
based on half-tetrad analysis, similar to tetrad analysis
done in fungal genetics (Chakrabarti et al., 1983). The work
presented in this thesis confirms this hypothesis. To test
whether golden is a mutation in a TRP gene, it was first

necessary to map the golden mutation.
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Chaper Two:

Methods and Materials

Animals

To map golden, a purebreeding golden male was mated
to a female of the SJD strain with normal pigment. The SJD
strain is genetically highly divergent from the golden
strain. This mating produced Fl1 hybrid individuals that had
one normal copy of the golden gene, the golden plus allele,
and one mutant copy of the golden gene, the golden minus
allele. To map TPR2, I used a deletion mutant of golden, the
golden*bé allele, which removes much of the chromosome
bearing the golden gene. The golden*bé siblings were mated
to each other. This mating produced Fl hybrid individuals
that were homozygous for the golden*bé mutation.

Wildtype and mutant stocks are maintained as described
by Westerfield (1995). The golden*bé allele is a recessive
mutation in zebrafish. Wildtype and mutant golden embryos
are easily separable on the basis of pigmentation. The
haploid embryos were used in haploid-based bulk segregant

analysis (BSA) as described elsewhere (Postlethwait et al.

1994).
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Mapping golden

Two types of anonymous DNA polymorphisms where used: the
RAPDs (Postlethwait et al., 1998) as well as CA repeats
(Knapik et al., 1998). Primers were used to specify which
portion of the DNA was amplified. The RAPD primers used in
this study were 10 base pairs long and had arbitrary
sequences. A total of 700 RAPD primers were tested, vet only
one was found to be linked to the golden gene. PCR machines
were used to carryout the Polymerase Chain Reactions (PCR)
needed to amplify specific portions of the DNA sequence. I
used program CM92.2, with the following types of reaction,
temperatures and times: initial denaturation 92 degrees, 1
minute; denature 94 degrees, 5 seconds followed by 92
degrees, 55 seconds; anneal 36 degrees, 1 minute; extend 72
degrees, 1 minutes and 45 seconds; repeat steps 2-4 thirty-
seven times; final extension 72 degrees, 7 minutes. The
amplified DNAs were then separated on a 1% agarose gel using
gel electrophoresis; the KNA was stained with ethidium
bromide to visualize the bands. The distance between the
golden gene and its centromere was determined through linkage

analysis as described (Streisinger et al. 1981).

Mapping TRP2

To map TRP2, primers were designed to identify
polymorphisms. These primers bind specifically to a
particular region of the TRP2 sequence. The first primer

pair used was TRPZ.RNK16R and 17F, designed by Robert Kelsh
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(personal communication). Primer pair TRP2.Fl1 and Rl were
then designed, followed by primer pairs F2/R2 and F3/R3. All
of the possible combinations of the eight primers were
tested. I used PCR program ZFPCR, with the following types,
temperatures and times: initial denature 94 degrees, 5
minutes; denature 94 degrees, 30 seconds; anneal 50
degrees, 30 seconds; extend 72 degrees, 1l minute; repeat
steps 2-4 fourty-five times; final extension 72 degrees, 7
minutes. The amplified DNA was then run on a 2% agarose gel
using gel electrophoresis; ethidium bromide stained DNA to
visualize the bands. The distance between golden and its
centromere was determined through linkage analysis as

described (Streisinger et al. 1981}).












The chromosome from the golden stock is homologous to
that of the wildtype stock, but has a slightly different
sequence at some point along its length. For example, near
to the golden gene in wildtype may be the sequence:

AGCGTATAGG
Yet near to golden on the mutant bearing chromosome the
sequence may have an A instead of a G.

AACGTATAGG
If the sequence is not completely complementary, as would
happen if a mutation from G to & occurred, then the primer
will not bind well. Due to this, DNA amplification will not
occur, and a 550 base pair fragment wilil not be formed. This
will show as a difference in amplified fragment contents in
wildtype and mutant DNA pools In order to physically observe
this polymorphism, it is necessary to run the amplified DNA

on an agarose gel using gel electrophoresis.
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Chapter Four:

Mapping golden Results

In search of a polymorphism, I tested exactly 700 RAPD
primer pairs comparing pooled wildtype DNA to that of pooled
golden. Of the 700 RAPD primers tested, seventy-nine
putative polymorphisms were found. These putatives were re-
tested with the pooled DNA to confirm the polymorphisms
found. After the re-test, only four of the seventy-nine
primers were found to show putative polymorphisms (Figure 7).
These three primers were then tested on fourteen embryos who
are siblings to our Mop mapping cross. Only one of these
primers, V14.550, expressed a true polymorphism in this
Cross.

Primer V14.550 was checked against the approximately 500
markers on our map. I found that a CA repeat marker, 75231,
mapped close to RAPD primer V14.550. This placed V14.550 on
linkage group 18. The distance between Z5231 and V14.550 was
found to be about 14 cM. This distance was calculated from
the 12 recombinant events that occurred out of 82 tested
embryos. I then tested the primer V14.550 on a golden cross
to find the distance between the gene and the primer. Out of
seventy-two embryos tested, only two were recombinant (Fig
8). This indicates that the V14.550 locus is less than 3cM
away from golden, which places the golden gene on linkage

group 18.
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However, the exact location still needed to be deduced.
I tested 25231 on a golden cross to find the distance between
the gene and the marker (Fig 9). The distance between 75231
and golden was found to be 11 cM. This places the golden
gene between markers V14.550 and 25231; V14.550 is furthest
from the centromere. The distance between golden and its
centromere was then determined through linkage analysis. As
predicted, golden mapped far from the centromere of linkage

group 18 (Fig 10).

Mapping golden Discussion

Mapping golden accomplished many goals. First, this
information can contribute to the overall understanding of
pigment patterns. This could help us understand the
mechanism of pigment pattern control in zebrafish, and
possibly humans, giving us a better understanding of how
animal embryos develop. Secondly, mapping golden to linkage
group 18, far from the centromere, confirmed Streisinger’'s
hypothesis. Thirdly, mapping this mutation identifies
another gene location on the zebrafish genetic map. Also,
mapping this mutation provides us with a visible marker in
further genetic studies. Finally, mapping golden puts us one

step closer to finding out what type of molecule the golden

gene encodes.



Mapping TRP2 Results

Now that the golden mutation has been mapped, I am
interested in finding out what molecule is disrupted by the
golden mutation. We know that the molecule is involved in
the production of melanin and there is reason to believe that
this molecule may be in a tyrosinase-related protein similar
to TRP1l in humans. Currently, the only tyrosinase-related
protein sequenced in zebrafish is TRP2, which was sequenced
by Robert Kelsh (personal communication, Figure 11). The
hypothesis that the TRP2 mutation is the golden mutation
predicts that they will map to the same genetic location. To
test this prediction, I am mapping TRP2. In order to map
TRP2, I needed to design the appropriate primers to amplify
the gene and then check the amplified fragment for a DNA
polymorphism.

The primers I used for this analysis are not RAPD
primers. I designed these primers to bind specifically to
particular regions of the TRP2 sequence. However, the
general amplification mechanism is the same as in that of the
RAPD primers.

With my first primer pair TRP2.RNK16R and 17F (designed
by Robert Kelsh) I expected to see a fragment of 178 base
pairs in size. However, all I saw after running the
amplified DNA out on the electrophoresis gel was my primer

piled up at the bottom of the gel (Fig 12). The failure to
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find a band indicates that DNA was not amplified from the
TRP2 gene, because the primers were not working as expected.
So I designed another primer pair (TRP2.Fl1 and R1).
Unfortunately, these primers produced the same unpromising
results. I then designed primer pairs F2/R2 and F3/R3, but
both of these pairs also gave unpromising results. I then
tested all of the possible combinations of the eight primers-
-with no workable results.

I next investigated the structure of the mouse TRP2 gene
structure and compared it to that of the zebrafish. I found
a very high degree of sequence similarity between the two
genes (Fig 13). The mouse TRP-2 seguence had seven introns'®.
Because of the high degree of similarity between the mouse
and zebrafish sequence, it seemed reasonable to expect that
zebrafish would have introns in identical locations. By
comparing the two sequences, I was able to predict the
placement of seven introns in the zebrafish TRP2 sequence.

Introns can be thousands of base pairs long, making them
nearly impossible to amplify readily. Only a single intron,
less than 1000 base pairs long, would amplify in our standard
system. The primer pairs that failed to amplify fragments
each span a couple of introns, thereby providing a possible
explanation of the disappointing results. Putative primers
F2 and R3, however, flank the position in which the human

sequence predicted intron 6 to be located in the zebrafish

¥ Segments of a gene that are initially transcribed but are then spliced out of the
primary RNA transcript, leaving the sequence {(exons) on either side of it.






gene using my original method, then the deletion mapping will

confirm the placement of the TRP2 gene.

Mapping TRP2 Discussion

Although there are not yet results from these
experiments, three results are possible. First, TRP2 may map
to golden. Second, TRP2 may map to brass. In either of
these cases, I will isolate the DNA from the mutants and
sequence it in order to see if there is a change in sequence.
If golden or brass is the mutation that affects TRP2, then I
would expect to see a change in the seguence of the gene when
comparing wildttype to mutant. However, the TRP2 protein may
map to somewhere else in the zebrafish genome entirely. 1In
any of these cases, mapping TRP2 in the zebrafish genome will
provide further understanding of the pigment pattern pathway

in zebrafish and possibly humans.
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Figure 5. Gel Electrophoresis
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Figure 10 Map of linkage group 18. The golden gene is marked in orange, fill other genes
are marked in blue. Z markers are marked in green and RAPDs are marked in black. The
numbers on the left of the chromosome indicate the centiMorgan distance between each
marker. As is noted in the text, the golden gene lies between Z5231 and Vl4.5'50. The
golden gene is located far from the centromere, as George Streisinger hypothesized.



Primer Forward TRP2, Intron 1
5’GGCACGAGCGCACTTACACACACTGAGAGAGCGAGACTGTG TTTTCGCAGAAATGAAGCGCTTTGTGTTGATGGTGC

GTTTTGGATACATGTACCTGTCGGAGGCTCAGTTTCCCAGAGTCTGCTGTACGGTGGAGGGGATCGTGTCTAAAGAGTGC

TGCCCGGCGCTGGGATCCGATCCGGCAAACGTCTGCGGGCTGCTGGCGGGACEGGGAAACTGCAGTGATGTTCATGTGGA

CAGTAAACCCTGGGGAGGACCGTACAGTCTGAGGAACGTGGACGACAGGGAGAGATGGCCAACCAAGTTCTTCAACCGGA

Intron 1 Primer Forward TRP2, Intron 2

CCTGCCGCTGCTTTG*GAAACTTTGCCGGCTATAACTGTGGCGAGTGTAAGTTCGGCTGGACGGGGCTGAACTGTGACCA
CAAGCCGACCTGCCCCGACTTGAC

Primer Reverse TRP2, Intron 1

CGTAAAGCTCCGGTGCTGCGGAAAGACATTCACTCTCTGAGTCCGGAAGAGCTGCAGGAGTTTCTGAACGCACTGGATCT

CAGCAAAACCACCGTTCATCCTGATTATATGATCGCCACACAGCACTGGCTCGGCCTGCTGGGACCCAACGGCACAGAACCA

Intron 2
CAGTTCAGCAACATCTCCATATACGACTTCTTCGTCTGGCAGCATTACTACTCCGTCAGAGACACACTTCTGG*GTCCT

Primer Forward TRP2, Intron 3

GGACGTCCTTTTAAAGCCATCGACTTCTCGCACAAAGGCCcAGCGTTCATCACCTGGCACAGATATCACCTGCTCAGC(
TGTTTTCCGGGTCGCAAGTAGTG

Primer Reverse TRP2, Intron 2
Intron 3 Forward Primer TRP2, Intron 4

GGAGAGAGAACTACAG*AAACTGACAGGTAATGAGAACTTCGCcGTGCCGTACTGGAACTTTGCGACAGGCCAGTCA
CTTGAAACGCTGTCCGGTCAGTT

Primer Reverse TRP2, Intron 3

GTGATGTGTGCACAGACTCTCTGCTGGGAGGACGAGACCCCAGTGACCCATCCCGAATCAGCCCGCGTTCACGEITCGCC

Primer Forward
GTGACTCTGTGIAACGGCACAAaTGAGGGATCACT
GTGTTTACTCCCTAGTGA
Primer Reverse TRP2,

Intron 4
¢GCT GGGGAGTCGIATGTGACAg*TCT GGATGAAIATAATcGTCTG

TRP2, F3
GCGCAGAGGAACAGCGATGAGCACTAATGTGACTTTACCAACCATGAATGATGTGAGAAGCTGCCTGAACCTCAGAGA

CGCGT
Intron 4



Intron 5
TCGACAGTCCACCGTATTTCACCAACTCCACCTTCAGCTT CAG*GAATGCACTGGAGGGATATGATAAGCCGGATGGAGAG

Primer Forward TRP2, F2

CTGGACACCTCGGTGTCCAATCTACACAACCTGGTTCATCAGTTCCTCAATGGGACCAGCGCTCTGTCTCACTCCGCTG(
TGGAGCCACAGGTTAGATG

Primer Reverse TRP2, Intron 5
Intron 6
CAATGACCCAATATTTcTG*GTGCTCCACGCATTCACCGACECCATATTTGATGAATGGATGAGACGCTTCCGTGAAAACG

Primer Forward RNK17
AAACTTTCCCGGATGAAATGGCTCCAATCGGAaCACAACAGGCATTATAATATGGTGCCCTTCTTCCCACCTGTGAC(
GGGAAGAAGGGTGGACACTGGTT
Primer Reverse TRP2, R3
Intron 7
TGAGGAGATTTACATCGCATCTGAACAGCTCGGATATTCATACTCCATCGACCTCGAAG*AACTGGACAACAGACCGGA

Primer Forward TRP2, CA

TGTTTuGCTgGGCAGCACTCTGGgAGGAATATICTgGGGCTGCTCCTGCTGTTGaTCGTGTTGGTGTTGTACATTCAG
CCCCGACGAGGACGACAACT

Primer Reverse RNKI16

CAGAGGAGAAAaCGCGAGTTTGAGCCACTCCTGAACGCTGAGTTCACAAACMCAAAATATTCAGGGEAAGCATAACACAC

ACACACACACACTGTCCCAAATCCTATGGAGCTTAAAaTATGCTGAAaCAATCTAAATTTGAACTGTGGTTATITAAATT

CTTAACATTGAAATGTAATAAAACTGATTATTATATGCCATTAAAAAAAAAAAAAAAAAAAAAAY
TTTTGACTAATAATATACGGT

Primer Reverse TRP2, R1

Figure 11: Tyrosinase-related protein 2 sequence in zebrafish. The sequence is
1744 base pairs long and includes seven introns. Introns are marked with an ‘
asterisk (*) and labeled in bold. Some of the forward and reverse primers are located in

bold and labeled.
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