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A Genomic Approach to Identification of Novel Broad-spectrum

Antimicrobial Peptides From Bony Fish

BACKGROUND OF THE INVENTION

Antimicrobial peptides have been isolated from a wide variety of plants and
animals, and play an important role in defense against microbial invasion. They fall
into three main classes based on secondary structure and amino acid sequence
similarities: o-helical structures, highly disulphide-bonded (cysteine-rich) -sheets
and those with a high percentage of single amino acids such as proline or arginine.
Most molecules are amphiphilic and contain both cationic and hydrophobic surfaces,
enabling them to insert into biological membranes. Although one of the modes of
action of antimicrobial peptides has been described as lysis of pathogens, they may
also exert their effects by binding to intracellular targets. They have also been
reported to exert a number of effects such as mediating inflammation and modulating

the immune response.

A small number of natural antimicrobial peptides have been isolated from
teleosts including the pleurocidin, from the skin of winter flounder (Cole, Weis et al.
1997), pardaxin from Red Sea Moses sole (Oren and Shai 1996), misgurnin from
loach (Park, Lee et al. 1997), HFA-1 from hagfish (Hwang, Seo et al. 1999), piscidins
from hybrid striped bass eosinophilic granule cells (Silphaduang and Noga 2001),
moronecidins from hybrid striped bass (Lauth, Shike et al. 2002), parasin, a cleavage
product of histone 2A from catfish (Park, Park et al. 1998) and some uncharacterized
mucous secretions from carp (LeMaitre, Orange et al. 1996) and trout (Smith,
Fernandes et al. 2000). In addition, a cationic steroidal antibiotic, squalamine, has

been isolated from the shark, Squalus acanthias (Moore, Wehtli et al. 1993).

Cysteine-rich antimicrobial peptides of the defensin family have been detected
in the fat body of insects and the hemolymph of molluscs and crustaceans. They have
also been isolated from various epithelia of mammals as well as circulating cells such

as neutrophils and macrophages. Recently, small cysteine-rich peptides exhibiting
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antimicrobial activity against various fungi, Gram positive and Gram negative
bacteria have been isolated from blood ultrafiltrate (Krause, Neitz et al. 2000), the
human urinary tract (Park, Valore et al. 2001), and the gill of bacterially challenged
hybrid striped bass (Shike et al. 2002). These peptides, referred to as hepcidin or
LEAP-1 (liver-expressed antimicrobial peptide), have been proposed to be the
vertebrate counterpart of insect peptides induced in the fat body in response to
infection (Park, Valore et al. 2001).

Antimicrobial peptides have a variety of potential uses. (see for example US
6,288,212 of Hancock)

The conventional approach to identifying antimicrobial peptides involves
biochemical purification from tissues or secretions. Fractions are tested for
antimicrobial activity, and the purified peptides that exhibit activity are then
sequenced. This approach is costly, time consuming, and not well suited to the
identification of low abundance or difficult-to-purify antimicrobial peptides.

Thus, it is an object of the invention to provide a method for identifying potential

antimicrobial peptides.

SUMMARY OF THE INVENTION

In one aspect of the invention there is provided a method of identifying candidate

nucleic acid sequences encoding antimicrobial peptides, said method comprising:
(a) identifying an initial peptide of interest;
(b) identifying genomic DNA encoding the initial peptide;
(c) identifying a flanking sequence on each side of the initial peptide;
(d) obtaining primers complementary to the flanking sequences; and,

(e) screening a wide range of nucleic acid sequences to identify
candidate sequences capable of being amplified using the primers

from step d).

According to one aspect of the invention the nucleotide and deduced amino

acid sequences of hepcidin-like peptides are provided.

2
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According to another aspect of the invention, the nucleotide and deduced

amino acid sequences of pleurocidin — like peptides are provided.

According to another aspect of the invention primers suitable for use in the
identification, isolation and/or amplification of nucleic acid sequences encoding novel

microbial peptides are provided.

According to another aspect of the invention there is provided a method for the

identification of families of nucleic acid sequences encoding antimicrobial peptides.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure.1 is a textual and graphical depiction of pleurocidin WF2 cDNAfrom winter
flounder (A), a graphical depiction of a predicted hydrophobicity plot of
peptide WF2 (B), and a diagrammatic depiction of a predicted helical structure
of WF2 (C).

Figure 2 is a pictorial depiction of results of amplification of certain hepcidin-like
cDNAs.

Figure 3 is a depiction of certain aligned pleurocidin ~like peptide sequences.

Figure 4 is a pictorial depiction of the results of PCR amplification of certain

pleurocidin-like genomic sequences.
Figure 5 is a depiction of an extended genomic sequence of WF4.

Figure 6 is a depiction of an alignment of certain pleurocidin-like polypeptide

sequences.

Figure 7 is a pictorial depiction of the results of expression of certain pleurocidin-like

genes in different winter flounder tissues.

Figure 8 is a pictorial depiction of the results of RTPCR of expression of certain

pleurocidins during winter flounder development.

Figure 9 is a pictorial depiction of the results of a study of the expression of certain

pleurocidin-like genes during winter flounder development.

3
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Figure 10 is a pictorial depiction of the results of a Southern analysis of certain

pleurocidin genes of winter flounder.

Figure 11 is a schematic depiction of the genomic organization of certain pleurocidin

genes from winter flounder.

5  Figure 12 is a schematic depiction of certain transcription factor binding sites located

upstream from pleurocidin genes from winter flounder.

Figure 13 is a graphical depiction of results showing the impact of peptide NRC-15

on bacterial survival.

Figure 14  is a graphical depiction of results showing the impact of peptide NRC-

10 13 on bacterial survival.

Figure 15 is a graphical depiction of results showing the impact of peptide NRC-12

on yeast survival.

Figure 16 is a depiction of nucleotide sequences of an unspliced (A) and partially
15 spliced (B) cDNA encoding a type I hepcidin and a schematic depiction of

intron/exon structure of a hepcidin gene in human, mouse and salmon (C).

Figure 17 is a depiction of certain hepcidin sequences from different species shown in

alignment.

Figure 18 is a depiction of certain aligned 3’ untranslated regions of hepcidin genes

20 from winter flounder (A) and Atlantic salmon (B).

Figure 19 is a pictorial depiction of the results of Southern hybridization analysis of

certain hepcidins from different fish species.

Figure 20 is a pictorial depiction of the results of an assay of the expression of certain

hepcidin and actin genes in various tissues of winter flounder.

25  Figure 21 is a pictorial depiction of the results of an assay of the expression of certain
Type I (A) and Type 2 (B) hepcidin and actin genes in various tissues of

control and infected salmon.

4
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Figure 22 is a pictorial depiction of the results of an assay of expression of certain
Type 1 (A), Type II (B) and Type III (C) hepcidin and actin genes in

developing winter flounder larvae.

Figure 23 is a schematic depiction of steps taken in an embodiment of the method for

identifying pleurocidins.
Figure 24 is a schematic depiction of steps taken in an embodiment of the method for
identifying hepcidins.

Figure 25 is a graphical depiction of experimental results using antimicrobial peptide
NRC-13 in the presence of 150 mM NaCe.

DETAILED DESCRIPTION OF THE INVENTION

The method of the invention builds on the surprising discovery that the flanking
sequences around antimicrobial peptides, including without limitation pleurocidins
and hepcidins, are conserved. The method of the invention provides a means of
identifying nucleotide sequences encoding pleurocidins and hepcidins, and identifying

the encoded polypeptide sequences.

In one embodiment, the method provides, generally, a way of identifying members of
a family of antimicrobial peptides once a single family member has been identified.
The initial family member may be an initial peptide of interest. Initial peptides of
interest can be identified based on either known or reported antimicrobial activity or
based on sequence similarity to other known antimicrobial peptides. Once an initial
peptide has been identified, the genomic DNA encoding it is identified and its

flanking sequences are determined.

As used herein, the term “flanking sequences” refers to nucleic acid sequences
appearing at or near one or both ends of a target nucleic acid sequence encoding an

antimicrobial peptide.

As used herein a nucleic acid sequence is “at or near” the end of a target
sequence if a portion of the sequence is within 50 nucleic acids of the end of the gene

(whether within the coding region or outside it).

5
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When an initial peptide of interest is identified based on sequence similarity to
another peptide with known antimicrobial activity, the initial peptide preferably has
an amphipathic structure and a net charge. In some instances the charge will
preferably be a net positive charge of at least 2. In some instances, the peptide is at
least 75 %, 85% or 95 % identical in sequence to the peptide having known
antimicrobial activity. In some instances the sequence similarity identified may relate
to similarity between nucleic acid sequences encoding the known peptide and
encoding the peptide of interest. In such instances, the predicted peptide for the
peptide of interest will be considered with respect to predicted charge and

amphipathic structure.

For example, the prepro-sequences of pleurocidins and hepcidins tend to be
conserved. Thus, by employing nucleic acid primers specific for such sequences, one
can identify potential pleurocidin- and hepcidin- encoding sequences. Alternatively
or additionally, known gene sequences of other classes of antimicrobial peptides can
be examined to identify regions which appear to encode conserved prepro-sequences
and a similar strategy used to identify other members of this family of peptides. The
corresponding antimicrobial peptide encoded by such sequences can be predicted
using the general features found in most pleurocidins and hepcidins, such as, for

example, a net positive charge of at least 2 and an amphipathic structure.

As used herein with respect to pre-, pro- and prepro sequences of antimicrobial
peptides, “pre” and “pro” have the following meaning: “Pre” refers to the signal
peptide portion (or a functional portion thereof) of the peptide. “Pro” refers to the
propiece. In pleurocidins the propiece is the anionic region at the carboxy terminus.
In hepcidins the propiece is the region upstream of the mature peptide. In the non-
limiting examples disclosed herein pleurocidin primers were designed based on the
pre and pro regions, and hepcidin primers were designed based on the pre region and

the 3’ untranslated region (UTR).

PCR can be used to amplify nucleic acid sequences encoding potential
pleurocidins or hepcidins. This can be conveniently accomplished by using a pair of
PCR primers, one of which recognises a nucleic acid sequence complementary to a

polynucleotide sequence encoding an amino-terminal prepro-sequence conserved in

6
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the peptide type of interest, and the other complementary to a 3° conserved region in
the nucleotide encoding the peptide-type of interest. It will be appreciated that other
prepro-sequences may exist and are specifically contemplated. For example,
redundancy in the genetic code allows for multiple nucleic acid sequences encoding a
particular amino acid sequence. As discussed with respect to 5’ prepro-sequences,
other 3’ conserved sequences may exist and are specifically contemplated. When
designing primers it is useful to have reference to known codon usage information for

the species in which sequence amplification is sought.

In an embodiment of the invention there is provided the use of signal sequence I
or a nucleic acid sequence encoding same in identifying or amplifying potential

pleurocidins.

Signal Sequence I
MKFTATFL (X)a (L)o (F)p I (F)q (X)y VLM (X) (V) (B)s (D): (P)u (L)v G E (C)w (G)x
Wherein:

nislto3 uisOorl

0isOto2 visOorl

pisOorl wisOorl

risOorl

sisOorl xisOorl

tisOor 1 yisQorl
zisOor 1

with the restriction that:

X+0+p=3, s+t=1,
u+v=l1, w+x =1, and
q+=1

In an an embodiment of the invention there is provided the use of one or both
sequence PL1 or PL2 or a nucleic acid sequence encoding same in identifying or

amplifying potential pleurocidins.

PL1 GCCCACTTTGTATTCGCAAG
PL2 CTGAAGGCTCCTTCAAGGCG
7
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In an embodiment of the invention there is provided the use of an acidic sequence
I or a nucleic acid sequence encoding same in identifying or amplifying potential

pleurocidins.

Acidic Sequence I
(Y)a (X (X (B)a (X)e (Q (B)g L (N/D) KR (A/S) V D (DE)

wherein:
aisOorl eislto3
bisOorl fisOorl
cislor2 gisOorl
disOorl

with the restriction that

a+b=1,
c+d=2,and
e+f+g=3.

As used in the sequences herein “X” refers to any amino acid. Nucleic acid
sequences encoding signal sequence I and acidic sequence I are specifically
contemplated, as are nucleic acid sequences complementary to such nucleic acid

sequences.

In an embodiment of the invention there is provided the use of signal peptide II,
III, IV, V or a nucleic acid encoding same, in the identification or amplification of

hepcidins.

Signal Peptide II
MKXXXXAXXVXXVL

Signal Peptide III
MKTFSVAV

8
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Signal Peptide IV
MKTESVAVTVAVVLXFICIQQSSA

Signal Peptide V
MKTESVAVAYV (T/V) (L/V) VLA (F),(V/C) (C/M) (UF) (Q) X (X)m S (S/T) AV P
F XXV,

WhereinnisOor 1 and mis Oor 1.

In an embodiment of the invention there is provided the use of prosequence I,
Prosequence II or a nucleotide sequence encoding same or complementary to one

encoding same in the identification or amplification of hepcidins.

Prosequence I
PEVQXLEEAXSXDNAAAEHQE

Prosequence 11
PEXXVX(X), (L/T) EEV (E/G) (G/S) XD (T/S) PV (A/G) XHQ,

WhereinnisOor 1,
In an embodiment of the invention there is provided the use of HcPA3b3’ and/or

HcSal3’ or a nucleotide sequence encoding same or complementary to one encoding

same in the identification or amplification of hepcidins.

HcPa3b 3> 3’ACAACCTCGTCCITAGGS’
HcSal 3° 3’ ACGCCCGTCCAGGAATS’

Non-limiting Examples Of Uses

Antimicrobial peptides are useful in the treatment and/or prevention of infection
in a variety of subjects, including fish, reptiles, birds, mammals, amphibians and

insects.

9
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Antimicrobial peptides are also useful for reducing bacterial growth and/or
accumulation on surfaces. This is of particular benefit in the food industry where
antimicrobial peptides can be used for coating surfaces used in the processing,

preparation, and/or packaging of food.

Antimicrobial peptides disclosed herein can be administered in a variety of ways.
In some instances, oral administration will be desirable. Some types of oral
administration will be improved by encapsulation of the peptides so as to allow their
preferential release at a particular stage in digestion. In some instances it will be
desirable to include pre and/or pro sequences in the administered peptide (for example
to improve stability or modulate activity). The pre and/or pro sequences can be
cleaved off by endogenous proteases at the appropriate stage. Peptides may be
administered by inhalation where the subject breathes air or by addition to water for
gilled subjects. Administration by injection will in some cases be desirable. Peptides
may be injected into any number of sites. In some cases intravenous injection will be
desired. In some instances injection directly into or adjacent to the site of infection or
potential infection will be desired. In some instances topical administration will be
desired. Where the presence of the antimicrobial peptide is desired at a remote and
specific site, or where the peptide will be desired for a prolonged period of time, gene
therapy may be used to provide expression of one or more antibacterial peptides in the

tissue(s) of concern.

Where the subject is a cultured or domesticated creature such as a fish, bird or
non-human mammal, production of a transgenic variety which expresses one or more
antibacterial peptides may be desired. Methods for producing transgenic animals are
well known. (See for example Mar.Biotechnol.4: 338,2002).

A variety of antimicrobial peptides are contemplated and fall within the scope of
the invention. By way of non-limiting example, peptides comprising the following
amino acid sequences or a sequence at least 80% or 90% homologous thereto, and
nucleic acid sequences encoding them are specifically contemplated:

i) GW(G/K)XXFXK
i) GXXXXXXXHXGXXIH
iii) FKCKFCCGCCXXGVCGXCC

10
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iv) CXXCCNCC (K/H) XKGCGFCCKF
v) FKCKFCCGCRCGXXCGLCCKF
vi) XXXCXXCCNXXGCGXCCKX

Other specific, non-limiting examples of antimicrobial sequences of interest can
be found in Tables 4 and 11.

Antimicrobial peptides of the invention may be modified. Such modifications
may in some instances improve the peptides’ stability or activity. Examples of
modifications specifically contemplated include:

- conservative amino acid substitutions (acidic with acidic, basic with basic,
neutral with neutral, polar with polar, hydrophobic with hydrophobic, etc.)

- addition of positively charged amino acids (lysine, arginine, histidine) at
either or both ends

- replacement of amino acids with others unlikely to result in structural
changes including D-amino acids and peptidomimetics

- deletion of one or more amino acids

- modifications at C-terminal or N-terminal ends, including methl esters and
amidates

- cyclised versions of the peptides (which may result in increased stability
without adversely affecting activity)

Examples — Methods

Fish Rearing

Winter flounder larvae were reared as described (Douglas, Gawlicka et al.
1999), the disclosure of which is incorporated herein by reference. Saint John River
stock Atlantic salmon (Salmo salar 1.) were maintained in single-pass, heated,
dechlorinated fresh water at 12°C in the Dalhousie University Aquatron facility in
Halifax, Nova Scotia. All fish were euthanised with an overdose of tricaine
methanesulfonate (MS 222,0.1 g L’l, Argent Chemical Laboratories, Inc., Redmond,
WA, USA) prior to sampling. All animal procedures were approved by the Dalhousie
University Committee for Laboratory Animals and the National Research Council -

Halifax Local Animal Care Committee.

11
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Bacterial Challenge

Aeromonas salmonicida subsp salmonicida strain A449 (Trust et al. 1983) was
cultured to mid-logarithmic growth in Tryptic Soy Broth (TSB) at 17°C. The
absorbance at 600nm of the bacterial suspension was determined and the bacteria
were resuspended to approximately 5 X 107 cfu mL"! in sterile Hanks Balanced Salt
Solution (HBSS). Three salmon (200g each) were anaesthetised with 50 mg L' TM™S,
injected intraperitoneally with 2.5 x 10° cfu bacteria in 50 uL. HBSS and allowed to
recover in fresh water. Uninjected fish from the same cohort were maintained in
separate tanks as controls. Three days post-injection, control and infected salmon
were euthanised as described above and samples of tissues removed. Blood was
drawn from the caudal vein into a heparinised container. To confirm that the fish were
positive for A. salmonicida, the posterior kidney of both infected and control fish
were swabbed and used to inoculate tryptic soy agar (TSA) that was incubated at
room temperature overnight. Atlantic halibut tissue samples were obtained from a
bacterial challenge study performed at Bedford Institute of Oceanography,
Dartmouth, Nova Scotia.

Sampling

Tissues (oesophagus, stomach, pyloric caecae, liver, spleen, intestine, anterior
kidney, posterior kidney, gill, skin, ovary, rectum, heart, muscle and brain) were
removed into RNALater (Ambion, Austin, TX, USA) and kept at -80° C until used.
Samples of winter flounder larvae at different stages and juveniles were rinsed in
RNALater (Ambion, Austin, TX, USA), transferred into 1.5 ml Eppendorf tubes
containing 0.5-1.25 ml RNALater, and kept at -80° C until used. |

Pleurocidins

The general approach followed is shown in Figure 24

Isolation of pleurocidin cDNA

A cDNA library constructed from winter flounder skin (Gong et al 1996) was
screened using degenerate oligonucleotides (PleuroA, PleuroB; Table 1). The library
was plated at 80,000 phage/plate and duplicate lifts to HyBond filters were made of

each of eight plates. A mixture of radioactively end-labelled PleuroA and PleuroB

12
SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 2004/018706 PCT/CA2003/001323

probes was hybridised with the filters at 50° C using standard procedures, and the
filters were washed in 1X SSC/0.1% SDS at 50° C for 45 min. Plaques that showed
matching hybridization signals on both duplicate filters were picked and the library
rescreened until 100% purity of the recombinant plaques was obtained. Two
recombinants were completely sequenced using an ABI373 stretch automated
sequencer and the AmpliTagFS Dye Terminator Cycle Sequencing Ready Reaction
kit (Perkin-Elmer, Foster City, CA, USA). Sequence data were analyzed using
Sequencher (Gene Codes, Inc., Ann Arbor, M, USA) and DNA Strider. The amino-
terminal signal sequence was predicted using SignalP
(http://www.cbs.dtu.dk/services/SignalP). The Helical Wheel routine of the GCG
package (http://www.gcg.com) was used to model the helical structure of the

predicted antimicrobial peptide sequences.

Genomic PCR

Genomic sequences were amplified using two sets of primers specific to the
winter flounder pleurocidin ¢cDNA (PL1/PL2 and PL5°/PL3’; Table 1; Fig. 1). The
amplification conditions were: 1 min at 94° C; 35 cycles of 30 s at 94° C; 30 s at 52°
C, 90 s at 72° C; and 2 min at 72° C, and products were resolved on a 1% agarose gel.
Bands were excised from the gel, extracted using Gene-Clean (Biol01, La Jolla, CA,
USA) and cloned into the Topo TA2.1 vector (Invitrogen, Carlsbad, CA, USA) as
recommended by the manufacturers. Several isolates from each transformation were
sequenced and analyzed as described above. Intron positions were identified by

comparison with the cDNA sequence.

Identification of additional winter flounder pleurocidin-like sequences by RT-
PCR

Total RNA was isolated from winter flounder skin and intestinesubstantially
as described in Douglas, Gawlicka et al (1999). Reverse transcription of 2 pig of total
RNA was performed using the RETROScript kit (Ambion, Austin, TX, USA)
according to the manufacturer's recommendation. PCR was performed using PL3’ and
a primer corresponding to the amino terminus of the precursor polypeptide (PL5;

Table 1). The amplification conditions were: 1 min at 94° C; 32 cycles of 30 s at 94°

13
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C, 30 s at 50° C, 90 s at 72° C; and 2 min at 72° C and products were resolved on a

2% NuSeive gel. Bands were excised, cloned and sequenced as described above.

Identification of additional pleurocidin-like sequences from different tissues
Tissue-specific expression of pleurocidin was investigated by northern
analysis using polyadenylated RNA (500 ng) from adult skin, liver, ovary, muscle,
spleen, pyloric caeca, stomach and intestine. The entire insert from the cDNA clone
corresponding to WF2 was radioactively labelled and incubated with the blot
overnight at 60° C in UltraHyb hybridisation solution (Ambion, Austin, TX, USA).
The blot was washed to a stringency of 50° C in 1X SSC/0.1% SDS for 1 h before
exposure to X-ray film. RT-PCR was also employed using primers specific to WF1,
WF1a, WF2, WF3, WF4, WFYT and WEX (Table 2) to assay expression of the
different pleurocidin-like variants in various tissues. The conditions used were as
described in the preceding paragraph except that the annealing temperature was 52 °

C.

Identification of additional pleurocidin-like sequences from different
developmental stages |

Two larval time series were used to assess developmental expression of
pleurocidin-like genes. In the first, RNA was isolated from pooled samples of twenty
whole larvae (5 and 13 dph), ten whole metamorphosing larvae (20 dph) and newly
metamorphosed larvae (27 dph), gut tissue of two juveniles (41 dph), skin from the
upper and lower side of adult fish and tissue from adult upper and lower intestine.
RNA was isolated as described (Douglas, Gawlicka et al. 1999), the disclosure of
which is incorporated herein by reference, and the assays were performed using the
primers PL5’ and PL2 and conditions described above for RT-PCR. Amplification of
the actin mRNA was performed as previously described (Douglas, Bullerwell et al.
1999), the disclosure of which is incorporated herein by reference, to confirm the
steady level of expression of a housekeeping gene and to provide an internal control
for pleurocidin expression. In the second larval time series, RNA was isolated from
pooled samples of twenty whole larvae (hatch, 5 and 9 dph), ten whole larvae (15, 20,
25, 30 and 36 dph) and gut tissue of two juveniles (41 dph). Assays were performed
using primers specific to WF1, WF1a, WF2, WF3, WF4, WFYT and WEX (Table 2)

14
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to determine expression of the different pleurocidin-like variants at different stages of

development. The conditions used were as described in the preceding paragraph.

Southern analysis

Southern analysis of BamHI- and SsfI-digested genomic DNA from winter
flounder, three other flatfish (American plaice Hippoglossoides platessoides
Fabricius, Atlantic halibut Hippoglossus hippoglossus L. and yellowtail flounder
Pleuronectes ferruginea Storer), haddock (Melanogrammus aeglefinus L.), pollock
(Pollachius virens L.) and smelt (Osmerus mordax Mitchill) was performed
sequentially using the entire inserts from genomic clones corresponding to WF1,
WE2, WF3 and WF4 as probes. Hybridisations were performed overnight at 65° C as
previously described (Douglas, Gallant et al. 1998), the disclosure of which is
incorporated herein by reference, and the blots were washed at 65° C in 0.5X
SSC/0.1% SDS for 1 h and exposed to X-ray film. Blots were stripped by incubating
twice in boiling 0.5% SDS and checked for residual signal by exposure to X-ray film

overnight.

Identification of additional pleurocidin-like sequences from other fish species
Total RNA was isolated from skin and intestine of yellowtail flounder, witch
flounder and Atlantic halibut and reverse-transcribed as described above (RT-PCR
analysis). Total genomic DNA was isolated from milt of yellowtail flounder, witch
flounder, American plaice, Atlantic halibut and tissue samples of Petrale sole, C-O
sole, English sole, Starry flounder, European plaice, Greenland halibut and Pacific
halibut. Two sets of primers specific to the winter flounder pleurocidin cDNA
(PL1/PL2 and PL5’ /PL3’; Table 1; Fig. 1) were used and the amplification conditions
were: 1 min at 94° C, 32 cycles of 30 s at 94° C; 30 s at 50° C, 90 s at 72° C; and 2
min at 72° C. Products were resolved on a 2% NuSeive gel, bands excised, cloned

and sequenced as described above.

Figure 1 is a textual and graphical depiction of WF2 pleurocidin from winter
flounder A. Nucleotide sequence of cDNA for pleurocidin from winter flounder
isolated from the skin library. The positions of primers used for PCR are underlined

and the deduced amino acid sequence is shown in upper case letters below the
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nucleotide sequence. Arrows indicate the mature 5 and 3’ termini of the pleurocidin
peptide and diamonds indicate the positions of introns. The single Sstl restriction
endonuclease site (GAGCTC) and the putative polyadenylation site (aataaa) are
indicated in boldface. B. Hydrophobicity plot of predicted pleurocidin polypeptide
WF?2 constructed using the Kyte-Doolittle option of DNA Strider (Marck 1992). The
borders of the mature pleurocidin are indicated by vertical arrows. C. Diagrammatic
representation of helical structure of predicted pleurocidin polypeptide WE2
constructed using the Helical Wheel routine of GCG. Hydrophobic residues and
glycines are boxed and polar residues are not. The first amino acid (G) of the mature

polypeptide is found at the top of the wheel.

Identification of pleurocidin-like sequences in the winter flounder genome

A winter flounder genomic A-GEM library was screened using a radioactively
labeled probe for pleurocidin (WF2; Douglas et al., 2001). Four clones were picked
and replated until 100% purity was achieved. The clones were mapped using BamHI,
SstI, Xhol and Eco RI and two clones (Al1.1 and AS5.1) that differed in restriction
pattern were selected for sequencing. Both clones were completely sequenced using
an ABI373 stretch automated sequencer and the AmpliTagFS Dye Terminator Cycle
Sequencing Ready Reaction kit (Perkin Elmer, Foster City, CA, USA. Transcription
factor  binding sites were identified using WWW  Signal Scan
(http://bimas.dcrt.nih.gov/molbio/signal/) with the TransFac and TFD databases and

promoters were detected using the eukaryotic promoter prediction by neural network
software available at the Baylor College of Medicine

(http://searchlauncher.bcm.tme.edu/seq-search/gene-search.html).
Hepcidins

The general approach followed is depicted in Figure 24

Molecular Characterisation of Hepcidin cDNAs

Eight ESTs showing high similarity to human hepcidin were identified from
the winter flounder EST database (Douglas, Gallant et al. 1999) and four from the
Atlantic salmon database (Douglas, Tsoi et al. 2002). Using these sequences to screen
dbEST, BLASTX analysis revealed two related sequences from Japanese flounder
(C23298.1 and C23432.1), one sequence from rainbow trout (AF281354_1) and five
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identical sequences from medaka (AU178966, AU179222, AU179314, AU179768
and AU180044). Sequence data were analyzed using Sequencher (Gene Codes, Inc.,
Ann Arbor, ML, USA) and DNA Strider (Marck 1992). Alignments and similarity
matrices were calculated using ClustalW (Thompson, Higgins et al. 1994) and
graphically visualised using SeqVu (Garvan 1996). The on-line servers PSORT

(http://PSORT.nibb.ac.jp), Compute pl (http://expasy.hcuge.ch/cgi-bin/pi_tool), and

Network Protein Sequence @nalysis (http://npsa-pbil.ibep.fr/cgi-

bin/secpred _consensus.pl) were used to predict N-terminal signal sequences, pl and

secondary structure, respectively. The secondary structure prediction program utilized
seven different algorithms (for details, see web site) and provided a consensus

prediction based on these results.

Southern Hybridisation

Total genomic DNA was prepared from winter flounder (Pleuronectes
americanus), yellowtail flounder (Pleuronectes ferruginea), witch flounder
(Glyptocephalus cynoglossus), Japanese flounder (Paralichthys olivaceus), American
plaice (Hippoglossoides platessoides), Atlantic salmon (Salmo salar), haddock
(Melanogrammus aeglefinus), smelt (Osmerus mordax), hagfish (Eptatretus burgeri),
tiger shark (Scyliorhinus torazame) and white sturgeon (Acipenser transmontanus) as
previously described (Douglas, Bullerwell et al. 1999), the disclosure of which is
incorporated herein by reference. DNA (7.5 [g) was digested with Sst/ according to
the manufacturer’s recommendations and the fragments resolved on a 1% agarose gel.
A 104 bp probe corresponding to amino acid residues WMENPT. . . .GCGFCC of
Type I winter flounder hepcidin was labeled using the DIG Labelling Kit (Roche
Applied Science, Laval, PQ, Canada) and hybridized to the membrane for 2h at 42°C
using the Easy Hyb kit (Roche Applied Science, Laval, PQ, Canada). The membrane
was washed in 0.2X SSC at 65 °C and signal detected using the DIG Luminescent
Detection Kit (Roche Applied Science, Laval, PQ, Canada).

Identification of additional hepcidin-like sequences by RT-PCR

Primers were designed based on the cDNA sequences determined in this study
(Table 3). Amplification of actin mRNA was performed to confirm the steady-state
level of expression of a housekeeping gene and provide an internal control for the

hepcidin gene expression analyses. Controls were performed using single primers to
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eliminate single primer artifacts and without reverse transcription to eliminate
amplification products arising from contaminating genomic DNA.

Total RNA was isolated from tissues of uninfected adult winter flounder and
uninfected and infected adult salmon and halibut using the RNAWiz Kit (Ambion,
Austin, TX, USA) according to the manufacturer’s recommendations. Tissues were
homogenized using a 7mm generator on a Polytron standard rotor stator homogenizer
(Kinematica). In addition, RNA was isolated from pooled samples of twenty whole
larvae (hatch, 5 and 9 dph), ten whole larvae (15, 20, 25, 30 and 36 dph), gut tissue of
two juveniles (41 dph) and adult winter flounder liver. To eliminate contaminating
DNA, the Ambion DNA-free TM protocol was used as directed. Briefly, 4 units of
DNase 1 was added to the resuspended RNA and incubated for 1 hour at 37C. After
incubation, DNAse Inactivation Reagent was added to remove the enzyme and RNA

concentrations were determined using a Beckman DU-64 Spectrophotometer.

First strand cDNA was synthesized from 1 pg of total RNA using the
RetroScript kit (Ambion, Austin, TX, USA) and aliquots of the reaction products
were subjected to PCR using rTaq polymerase (Amersham Pharmacia Biotech AB,
Uppsala, Sweden) or the Advantage2 PCR kit (Clontech, Palo Alto, CA, USA). The
primers and annealing temperatures are listed in Table 3. The amplification conditions
were: 1 min at 95° C; 32 cycles of 15 s at 95° C; 30 s at the annealing temperature, 30
s at 68° C; hold at 4° C. Amplification products were resolved on a 2% NuSieve
agarose gel with a 100 bp ladder as a marker (Gibco BRL, Gaithersburg, MD, USA)
and the amount of each product was quantified using a GelDoc 1000 video gel
documentation system (BioRad, Mississauga, Ont., Canada) with the Multianalyst

software.

Identification of additional hepcidin-like sequences from other fish species

Total RNA was isolated from liver and spleen of bacterially challenged
Atlantic halibut and Atlantic salmon and reverse-transcribed as described above (RT-
PCR analysis). Two sets of primers were used (see legend, Fig. 2) and the
amplification conditions were: 2 min at 94° C; 32 cycles of 30 s at 94° C; 30 s at 52°
C, 30 s at 72° C; and 2 min at 72° C. Products were resolved on a 2% NuSeive gel,

bands excised, cloned and sequenced as described above.
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Prediction of active cationic peptide sequences

The mature peptide sequences from Figure 3 (pleurocidin-like peptide
sequences deduced from nucleotide sequences of genes and PCR products amplified
from fish tissues) constituted the basis of sequence selection. Generally, upon
extensive sequence analysis, those peptides that possessed a net positive charge and
had their hydrophilic and hydrophpobic residues well-separated in models were
produced. Also, generally those peptide genes that were likely to be expressed
(possessed promoters) were used, although pseudogenes were also included in the
panel. The exact start/end residues were decided upon based on several factors listed
below. In most cases the N-terminus of the mature peptide was well defined, since it
followed directly the conserved signal peptide region, and aligned well with other
mature peptides. Wherever a straightforward determination on the N-teminal amino
acid was not possible, an attempt was made to preserve GW or GF at the N-terminus,
as this is frequently encountered among cationic peptides. In addition, two versions of
WF1la (NRC-2 and NRC-3) were produced: one contained N-terminal GRRKRK, and
the other did not. In some cases the C-terminus of the mature peptide was also well
defined, since it was followed directly by a conserved acidic propiece. However
significant ambiguity as to the C-terminal amino acid existed among many peptides.
Generally, two rules were followed in deciding upon C-terminal amino acids: (1)
wherever glycine appeared at or near the C-terminus, it was considered to be a
precursor for carboxy—terminus amidation; (2) large numbers of negatively charged
amino acids near the C-terminus were generally considered to be a part of the

propiece and not the mature active peptide, and were not included in the sequence.

All antimicrobial peptides used in this study were synthesized by N-(9-
fluorenyl) methoxy carbonyl (Fmoc) chemistry at the Nucleic Acid Protein Service
(NAPS) unit at the University of British Columbia. Peptide sequences are shown in
Table 4. Peptide purity was confirmed by HPLC and mass spectrometry analysis in
each case. In the case of NRC-7 further purification by RP-HPLC was performed until

homogeneity of the sample was obtained.
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Bacterial Strains and Candida albicans

All strains used in this study are listed in Table 5. Most non-fish bacterial
strains as well as Candida albicans were grown at 37°C in Mueller-Hinton Broth
(MHB; Difco Laboratories, Detroit), while the fish bacteria were maintained at 16°C

in Tryptic Soy Broth (TSB; Difco, 5g/1 NaCl). All strains were stored at ~70°C until
they were thawed for use and sub-cultured daily. The following strains, Pseudomonas
aeruginosa K799 (parent of Z61), Pseudomonas aeruginosa Z61 (antibiotic
supersusceptible), Salmonella typhimurium 14028s (parent of MS7953s), Salmonella
typhimurium MS7953s (defensin supersusceptible), as well as Staphylococcus
epidermidis (human clinical isolates) and methicillin-resistant Staphylococcus aureus
(MRSA,; isolated by Dr. A. Chow, University of British Columbia) have been kindly
donated by Prof R.E.W. Hancock, University of British Columbia.

Escherichia coli strain CGSC 4908 (his-67, thyA43, pyr-37), auxotrophic for
thymidine, uridine, and L-histidine (Cohen et al., 1963) was kindly supplied, free of
charge, by the E.coli Genetic Stock Centre (Yale University, New Haven, CT). MHB
supplemented with 5 mg/L thymidine, 10 mg/L uridine and 20 mg/L L-histidine
(Sigma Chemical Co., St. Louis, MO), was used to grow E.coli CGSC 4908 unless
otherwise specified.

Two field isolates of the salmonid pathogen Aeromonas salmonicida are from

the IMB strain collection.

Minimum Inhibitory Concentrations

The activities of the antimicrobial peptides were determined as minimal
inhibitory concentrations (MICs) using the microtitre broth dilution method of
Amsterdam (Amsterdam, 1996), as modified by Wu and Hancock (1999). Serial
dilutions of the peptide were made in water in 96-well polypropylene (Costar,
Corning Incorporated, Corning, New York) microtiter plates. Bacteria or C. albicans

were grown overnight to mid-logarithmic phase as described above, and diluted to

give a final inoculum size of 106 cfu/ml. A suspension of bacteria or yeast was added
to each well of a 96 well plate and incubated overnight at the appropriate temperature.
In the case of E. coli CGSC 4908, supplemented MHB was used. Inhibition was

defined as growth lesser or equal to one-half of the growth observed in control wells,

20
SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 2004/018706 PCT/CA2003/001323

where no peptide was added. Three repeats of each MIC determination were

performed.

Killing assays

Survival of bacteria and C. albicans upon exposure to selected peptides
applied at their minimal inhibitory concentrations (MICs) and ten times their MICs
was measured using standard methodology. The test organisms were grown in MHB
and exposed to the peptides. At the specified time intervals equal aliquots were
removed from the cultures, plated on MHB plates, and the resulting colonies were
counted. Percentage survival was plotted against time on a logarithmic scale. Two

repeats of each experiment were performed.

Preparation of a Synthetic Antimicrobial Peptide

Prediction of active cationic peptide sequences.

The mature peptide sequences from Figure 3 (pleurocidin-like peptide
sequences deduced from nucleotide sequences of genes and PCR products amplified
from fish tissues) constituted the basis of sequence selection.

Sequences were selected for peptides that possessed a net positive charge and
had their hydrophilic and hydrophobic residues well separated spatially in models that

were produced specifically:

a) In order to estimate the net charge K and R were assumed to have the
value of +1, H of +1/2, D and E of -1, and C-terminal amidation was
counted as an additional +1.

b) The EMBOSS Pepwheel and Pepnet internet tools available through an
NRC mirror site (http://bioinfo.pbi.nrc.ca:809(_)/EMBOSS/index.htn411)

were used to analyse the separation of hydrophilic and hydrophobic

residues in helical wheel and helical net models.

Also, generally those peptide genes that were likely to be expressed (possessed
promoters, were transcribed, etc.) were produced, although psendogenes were also
included in the panel.

The exact start/end residues were decided upon based on several factors:
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In most cases the N-terminus of the mature peptide was well-defined,
since it followed directly the conserved signal peptide region, and
aligned well with other mature peptides.

Wherever a straightforward determination on the N-terminal amino
acid was not possible, an attempt was made to preserve GW or GF at
the N-terminus, as this is frequently encountered among cationic
peptides.

In addition, two versions of WF1a (NRC-2 and NRC-3) were
produced: one contained N-terminal GRRKRK, and the other did not;
this was done because it was hypothesized that the presence of the
highly positively charged GRRKRK would improve activity.

Although in some cases the C-terminus of the mature peptide was also
well defined, since it was followed directly by a conserved acidic
propiece, significant ambiguity as to the C-terminal amino acid existed
among many peptides. Generally, two rules were followed in deciding
upon C-terminal amino acids:

1. wherever glycine appeared at or near the C-
terminus, it was considered to be a precursor for
carboxy — terminus amidation;

2. large numbers of negatively charged amino acids
near the C-terminus were generally considered to be
a part of the propiece and not mature active peptide

and were not included in the sequence.

Peptides produced according to the above steps are screened for antimicrobial activity

in vitro by standard means. Those peptides showing in vitro antimicrobial activity are

useful as antimicrobial peptides for use in vivo and for the treatment of surface, etc.

Examples - Results

Pleurocidins

cDNA sequence

The two clones isolated from the skin cDNA library were identical in sequence to

each other and to the genomic PCR product WF2after introns were removed (see
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below). They contain 356 bp and encode an open reading frame of 68 amino acids
(Fig. 1A). There is a 5’-untranslated region of 26 bp and a 3’-untranslated region of
84 bp, excluding the polyA tail. A canonical polyadenylation signal AATAAA is
found 22 bp upstream of the polyA tail. The first 22 amino acids of the open reading
frame form a highly hydrophobic domain (Fig. 1B) predicted to be a signal peptide
with a cleavage site that precisely matches the amino terminus of the mature
pleurocidin. The predicted amino acid sequence of residues 23-47 exactly matches the
published amino acid sequence of mature pleurocidin (arrows, Fig. 1A). The mature
peptide can assume an amphipathic helix that contains a predominance of positively
charged amino acids on one face and hydrophobic amino acids on the other (Fig. 1C).
The carboxy-terminal 21 amino acids form a negatively charged domain that is not

present in the mature pleurocidin, confirming the recent report of Cole et al. (2000).

Genomic PCR

Four distinct bands (WF1-4) were amplified using primers PL5’ and PL3’ (Fig.
4). Sequence analysis of each product was consistent with the sizes of the bands and
verified that each amplification product was different (Table 6). Two distinct bands
were amplified using primers PL1 and PL2 that corresponded to WF2 and WF4
containing additional upstream and downstream sequence (data not shown). When the
intron sequences were removed, the sequence of WEF2 exactly matched that of the

pleurocidin cDNA clone isolated from the skin library (Fig. 1A).

Figure 4 is a depiction of the results of PCR amplification of pleurocidin-like
sequences from winter flounder genomic DNA. Amplification products (P) were
resolved on a 1 % agarose gel using the 100 bp ladder as molecular weight markers
(M). Products visible as distinct bands are labeled WF1 (00 bp), WF2 (810 bp), WF3
(650 bp) and WF4 (510 bp).

All four of the pleurocidin-like genes contained two introns within the coding
sequence and three of the genes showed identical intron locations (WF1, WF2 and
WE4). However, the position of the second intron in WF3 occurred upstream of those
of the other genes, resulting in a shorter second exon and longer third exon. The sizes
and sequences of the introns varied among the four pleurocidin genes (Table 6).

Evidence from the two more extensive genomic sequences of WF2 and WF4 obtained

23
SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 2004/018706 - PCT/CA2003/001323

using primers PL1 and PL2 indicates that a third intron immediately upstream of the
initiation codon is also a feature of this gene family (Fig. 5). This was also noted for

the genomic sequence reported by Cole et al (Cole, Darouiche et al. 2000).

An alignment of the predicted amino acid sequences is shown in Fig. 6. The
positions of the introns (indicated by vertical arrows) were determined by comparison
with the corresponding RT-PCR and ¢DNA-derived sequences. The positions of the
mature peptide were determined by comparison with the published amino acid
sequence of pleurocidin (Cole, Weis et al. 1997). All of the predicted mature
polypeptides could assume amphipathic o-helical structures similar to that shown in
Fig. 1C, although the positively charged portions were not as striking in WF1 and
WF3 as in WF2 and WF4 (data not shown).

Figure 5 describes extended genomic sequence of WF4 obtained by PCR using
primers PL1/PL2. Introns are indicated in lower case and coding sequence in upper

case The positions of the primers PL1 and PL2 used for PCR are underlined.

Figure 6 describes Alignment of predicted polypeptide sequences of five winter
flounder pleurocidin family members. Large vertical arrows indicate the positions
where introns were found in the genomic sequences. The second intron of WF3,
indicated by a small vertical arrow, is found more upstream than those of the other
genes. The predicted polypeptide sequences of dermaseptin B1 (Amiche et al. 1994)
and ceratotoxin B (Marchini et al. 1995) are shown below the pleurocidin family

members. Boxed amino acids are shared by half of the sequences.

Identification of additional pleurocidin-like sequences from different tissues
Northern analysis was only able to detect pleurocidin transcripts in skin (data not
shown). However, the more sensitive RT-PCR assay indicated that pleurocidin was
also expressed in other tissues, particularly gill and gut. Using primers PL5” and
P1.3°, two bands were obtained from winter flounder skin (265 and 175 bp) and two
from intestine (215 and 175 bp). Sequence analysis of several clones of each size
showed that the 265 bp winter flounder skin clones corresponded to the genomic
sequence of WF1 when intron sequences were removed (Table 7). Five of the 175 bp

clones from skin and two of the 175 bp clones from intestine corresponded to the
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genomic sequence of WF2. This is consistent with results of northern analysis using
the cDNA clone corresponding to the WF2 probe that showed hybridisation only to
200-nucleotide mRNA from the skin (data not shown). On the other hand, nine of the
175 bp clones from intestine and four of the 175 bp clones from skin corresponded to
the genomic sequence of WF3. No RT-PCR products were obtained that corresponded
to WF4. All seven of the 215 bp intestine clones corresponded to a novel family
member (WF1a) not represented by any of the winter flounder genomic sequences

determined in this study.

Using primers specific to each of the pleurocidin-like variants reported above, as
well as to additional pleurocidin-like variants identified on Lambda clones, we were
able to demonstrate that different variants were expressed in different tissues (Fig. 7).
WEF2, WF3 and WFYT showed the expression in the widest distribution of tissues,
whereas WF1 and WF4 were expressed in mainly in the gill and skin, and WEX was

only expressed in the skin. Transcripts of WF1a could not be detected in any tissue.

Figure 7 describes the expression of specific pleurocidin-like genes in different
tissues of winter flounder. Tissues were esophagus (E), pyloric stomach (PS), cardiac
stomach (CS), pyloric caeca (PC), liver (L), spleen (SP), intestine D), rectum (R), gill
(G), brain (B) and skin (SK). Markers (M) were the 100 bp ladder. Primers were

specific to each pleurocidin variant (Table 2)

Identification of additional pleurocidin-like sequences from different
developmental stages

Using primers PL5’ and PL2 (Table 1) from highly conserved regions of the
pleurocidin-like peptides, low levels of transcripts were evident at 5 dph and
increased during development (Fig. 8). Strong signals were obtained from adult skin
and weak signals from intestinal tissue. Expression of the housekeeping gene, actin,

was relatively constant throughout development.

Using primers specific to each of the pleurocidin-like variants reported above, as
well as to additional pleurocidin-like variants identified on Lambda clones, it was
demonstrated that different variants were expressed at different times during

development (Fig. 9). WFX transcripts were only detectable at 20 dph, and WE2,

25
SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 2004/018706 PCT/CA2003/001323

WF3 and WFYT were detectable in premetamorphic larvae and metamorphic
juveniles. No expression of WF1 and WEF4 was detectable at any stage of

development.

Figure 8 describes Reverse transcription-polymerase chain reaction assay of
pleurocidin expression. Samples are from larvae (5 and 13 dph), metamorphosing
larvae (20 dph), newly metamorphosed larvae (27 dph), juveniles (41 dph), skin from
the lower (LS) and upper side (US) of the fish and tissue from the lower (LI) and
upper (UI) intestine. Primers specific for pleurocidin (panel A) and actin (panel B)

were used.

Figure 9 describes Expression of specific pleurocidin-like genes during winter
flounder larval development. Samples are from larvae (5, 9 and 15 dph),
metamorphosing larvae (20 dph), newly metamorphosed larvae (25, 30 and 36 dph)
and juveniles (41 dph). Controls using the 5’ or 3” primers alone and with no template

(NT) are also shown. Primers were specific to each pleurocidin variant (Table 2).

Southern analysis

Positive signals were specific to flatfish DNA using the WF1, WF2, WF3 and
WF4 genomic probes (Fig. 10). No signals were detected with haddock, pollock or
smelt DNA (data not shown). All four probes showed hybridisation to common SstI
and BamHI bands from the DNAs of all four flatfish, indicating that the genes are
clustered on these genomes. The sizes of the hybridising fragments from the winter

flounder digest are given in Table 8.

Figure 10 describes Southern analysis of pleurocidin genes of winter flounder
(WF), yellowtail flounder (YF), American plaice (AP) and Atlantic halibut (AH).
Total genomic DNA (7.5 pg) was digested with BamHI (B) or Ssfl (S) and the
fragments resolved on a 1.0% agarose gel. The blot was hybridized successively with
probes corresponding to WF1, WF2, WF3, and WF4. Markers (M) are lambda DNA
digested with Styl (24.0,7.7,6.2,3.4,2.7, 1.9, 1.4, 0.9 Kb).
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Identification of additional pleurocidin-like sequences from other fish species

An alignment of the deduced amino acid sequences of pleurocidin-like
peptides from American plaice, yellowtail flounder, witch flounder and Atlantic
halibut is shown in Fig. 3. Sequences were obtained from genomic DNA of Petrale
sole, C-O sole, English sole, starry flounder, European plaice, Greenland halibut and
Pacific halibut. High conservation is present in the signal peptide and acidic propiece
regions, whereas the portion corresponding to the mature peptide shows much more

variability.

Figure 3 describes Alignment of pleurocidin-like peptide sequences deduced
from nucleotide sequences of genes and PCR products amplified from skin and/or
intestine of the following species: winter flounder (WF), yellowtail flounder (YF),
witch flounder (GC), American plaice (AP) and Atlantic halibut (AH). Specific non-
limiting examples of pleurocidin-like sequences identified are shown in Table 4.
Non-limiting examples of cDNA and/or genomic sequences are provided in Appendix

L

Identification of pleurocidin-like sequences in the winter flounder genome

Two clones containing fragments of 12.5 and 15.6 kb, respectively, were
isolated from a genomic library from winter flounder. The 12.5 kb fragment encoded
the gene corresponding to WF2 and two pseudogenes. The 15.6 kb fragment encoded
the gene corresponding to WF1, one pseudogene and two previously undescribed
pleurocidin-like sequences referred to as WFX and WFYT. A schematic of the
gene arrangement is shown in Fig. 11. Scanning of the sequences upstream of the
coding sequence revealed a canonical eukaryotic promoter, TATA and CAAT boxes
as well as highly conserved sites for several transcriptions factors including NF-IL6,
AP1 and o-interferon (Fig. 12). No promoter sequences were identified upstream of

pseuodgenes.

Figure 12 describes Locations of transcription factor binding sites upstream of
pleurocidin genes and pseudogenes. Promoters are indicated by hatched boxes, introns

by solid boxes and genes and exons by stippled boxes.

27
SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 2004/018706 PCT/CA2003/001323

Prediction and assessment of antimicrobially active peptide sequences

The minimal inhibitory concentrations of the chemically produced peptides
against a wide range of baterial pathogens and C. albicans were determined and are
shown in Table 9. Generally speaking many peptides showed the ability to inhibit the
growth of a broad spectrum of bacterial pathogens and C. albicans. Particularly good
examples of peptides with a broad spectrum of antimicrobial activity are the three
peptides derived from American plaice (NRC-11, NRC-12, and NRC-13) and three
peptides derived from witch flounder (NRC-15, NRC-16, and NRC-17). Of those,
NRC-15, NRC-13, and NRC-12 showed ability to kill methicillin-resistant S. aureus
(Fig. 13), P. aeruginosa (Fig. 14) and C. albicans (Fig. 15), respectively.

Figure 13 describes Survival of a Gram~-positive bacterium (methicillin-resistant
Staphylococcus aureus - MRSA) upon exposure to NRC-15 at its minimal inhibitory
concentration (MIC) and ten times its MIC. S. aureus was grown in Mueller-Hinton
broth and exposed to NRC-15 at its MIC and ten times its MIC. At the specified
intervals equal aliquots were removed from the culture, plated on MHB plates, and

the resulting colonies were counted.

Figure 14 describes Survival of a Gram-negative bacterium (Pseudomonas
aeruginosa) upon exposure to NRC-13 at its minimal inhibitory concentration (MIC)
and ten times its MIC. P. aeruginosa was grown in Mueller-Hinton broth and
exposed to NRC-13 at its MIC and ten times its MIC. At the specified intervals equal
aliquots were removed from the culture, plated on MHB plates, and the resulting

colonies were counted.

Figure 15 describes Survival of a yeast (Candida albicans) upon exposure to
NRC-12 at its minimal inhibitory concentration (MIC) and ten times its MIC. C.
albicans was grown in Mueller-Hinton broth and exposed to NRC-12 at its MIC and
ten times its MIC. At the specified intervals equal aliquots were removed from the

culture, plated on MHB plates, and the resulting colonies were counted.

Tn addition to demonstrating that pleurocidin-like peptides are active against a

wide range of bacteria as well as C. albicans, the results indicate which factors should
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preferably be considered in selecting antimicrobially active peptides from genomic

seéquences.

Firstly, a notable group of peptides with poor or no observed activities were
peptides derived from pseudogenes (NRC-8, NRC-9, NRC-10). These results indicate
that peptides capable of being expressed in the host organism may be better

candidates for antimicrobials.

Secondly, the previously described N-terminal GRRKRK in WFla (Fig. 2)
proved to be a determinant of antimicrobial activity in NRC-3 as shown by the fact
NRC-2 (identical to NRC-3 but missing the aforementioned fragment) was only
marginally active (Table 9). This result stresses the importance of carefully selecting
the start/end residues in the mature peptide, wherever these are not apparent in the

original pre-pro-sequence.

Thus in an embodiment of the invention there is provided a group of
pleurocidin-related antimicrobial peptides having the amino acid sequence GRRKRK.
It will be appreciated that pleurocidin-like antimicrobial peptides lacking this

sequence also exist and are specifically contemplated herein.

The previously described principles of: selecting positively charged peptides
with good separation of hydrophilic and hydrophobic residues in helical wheel
models, preserving GW or GF at the N-terminus, amidating the C-terminus where
glycine was present, and cropping off clusters of acidic C-terminal amino acids were

successful in selecting antimicrobially active peptides.

Peptides of the invention can be used at a range of pH’s, salt concentrations, and
temperatures. These peptides are useful against pathogens grown in biofilms or under
any other conditions for pathogen growth or culture. See for example Figure 25 in
which the ability of NRC-13 to kill P. aeruginosa K799 in 50 mM NaCl is shown.
NRC-13 was added to a culture of P. aeruginosa supplemented with 150 mM NaCl1
to a final concentration of 4pg/ml (O0) or 40 pg/ml (A), representing the MIC and 10X

MIC, respetively. A control with no peptide added is also shown ().
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Peptides may be used alone or in combination with one or both of their pre-and

pro- sequences.
(

Peptides of the invention have many uses, including as antibacterial, antifungal,
antiviral, anti-cancer, and antiparasitic agents, including in combination with other

antibiotics, anti-infectives, and chemotherapeutants as well as with each other.

Peptides can be used as immunomodulatory agents such as for wound healing,
tissue regeneration, anti-sepsis, immune promoters, etc. including in combination with

other agents.

The peptides can be delivered topically (including e.g., aerosols-especially for
respiratory tract infections in CF patients, ointments, lotions, rinses, eyewashes, etc.),
systemically (including e.g. IV, IP, IM, subcutaneously, intracavity or transdermally)

and, orally (e.g. pills, liquid medication, capsules, etc.).

Delivery via encapsulation, including in liposomes, proteinoids is contemplated,

as is delivery in transgenic systems involving agricultural animals and/or plants.

Peptides can be used as protective coatings on medical devices (including

catheters, etc, food preparation machinery and packaging.

Examples of antibiotics which can be used together with peptides disclosed
herein in aquaculture operations include: Terramycin Aqua (oxytetracycline), Romet
(sulfadimethoxine and ormetroprim), and Tribrissen (trimethoprim and sulfadiazine.
In the hatchery, dipping in formaldehyde can be used together with peptides disclosed
herein. Peptides can be used in combination with each other and/or in combination
with conventional antibiotics for any of the uses described herein.

Hepcidins

Specific non-limiting examples of hepcidin sequences identified are shown in Table

11. Examples of cDNA or genomic sequences are shown in Apendix IL
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Bacterial Challenge
Three days post-injection, the infected Atlantic salmon were lethargic and
anorexic. On sampling, the posterior kidneys of the injected fish were positive for A.

salmonicida whereas those of the control fish were not.

Molecular Characterisation of Hepcidin cDNAs

Although the winter flounder EST database contains sequences from liver, ovary,
stomach, intestine, spleen and pyloric caecae cDNA libraries and the Atlantic salmon
EST database contains sequences from liver, head kidney and spleen, hepcidin-like
sequences were only detected in spleen and liver cDNA libraries of both fish. Four of
135 ESTs (3.0%) in the winter flounder liver library and two of 281 ESTs (0.7%) in
the winter flounder spleen library encoded hepcidins. Three of 982 (0.3%) ESTs in
the Atlantic salmon liver library encoded hepcidins. Five hepcidin sequences were
also found in subtracted spleen (1.8%) and three in subtracted liver (0.6%) Atlantic
salmon cDNA libraries that were enriched in transcripts up-regulated during infection
with Aeromonas salmonicida. Unfortunately, since these are subtracted libraries, the

inserts are only portions of the complete transcripts.

Analysis of the nucleotide sequences of Atlantic salmon hepcidin cDNAs
revealed that one salmon EST (SL1-0412) was approximately 300 nucleotides longer
than the other two. Furthermore, the hepcidin coding sequence was incomplete.
Complete sequencing of this clone revealed the presence of two introns with standard
GT/AG splice junctions (Fig. 16A). When removed, an open reading frame encoding
a complete hepcidin-like peptide was obtained. Similarly, an incompletely spliced
halibut transcript was amplified that still retained the second intron (Fig. 16B).
Compared to mammals, the introns of salmon and probably halibut are in similar
locations but of shorter length (Fig. 16C). In addition to these incompletely spliced
cDNAs, we identified a winter flounder EST (WF4) that contains a large deletion
relative to the other sequences that corresponded closely to the second exon of salmon
and human hepcidin. Assuming the intron positions are conserved among vertebrates,
this deletion could correspond to the removal of exon 2, and resulted in a peptide that
differed from WF3a and WEF3b in only five amino acid positions of the remaining

peptide.
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Figure 16 describes a Nucleotide sequence of unspliced liver cDNA encoding
Type I salmonid hepcidin. Exon sequences are indicated in upper case letters and the
deduced amino acid sequence is shown below the nucleotide sequence. The gt/ag
intron/exon boundaries are highlighted in boldface and the polyadenylation signal
(aataaa) is underlined. B. Nucleotide sequence of partially spliced cDNA from halibut
spleen encoding Type I salmonid hepcidin. C. Comparison of intron/exon structure in
human, mouse and salmon. Exons are represented by hatched boxes and introns by a

single line (sizes in bp shown beneath).

The deduced amino acid sequences of five different winter flounder hepcidin
cDNAs and two different Atlantic salmon hepcidins were aligned for comparison
purposes with those extracted from dbEST corresponding to Japanese flounder (two),
medaka (one) and rainbow trout (one), as well as the recently reported hepcidin from
hybrid striped bass (Shike et al. 2002) and two from Atlantic halibut (Hb 17 and Hb
357). The sequences obtained from spleen and liver of Atlantic salmon (Sal2.1 and
Sal8.6) and Atlantic halibut (Hb1.1, Hb5.3 and Hb7.5) by PCR are also included (Fig.
17). Human hepcidin was included as a representative of the mammals. The position
of cleavage by signal peptidase was predicted by PSORT and the RX(K/)R motif
typical of propeptide convertases (Nakayama 1997) was identified (vertical arrows;
Fig. 17). The signal peptide sequence is 22-24 amino acids and is highly conserved
among all of the fish sequences. The anionic propiece is 38-40 amino acids,
depending on the particular hepcidin variant. The processed hepcidins contain 19-27
amino acids and all are positively charged at neutral pH except WF2 (Table 10).
Types I and IIT hepcidin from flatfish as well as salmon type hepcidin contain eight
cysteine residues in the mature peptide, which have been proposed to form four
disulphide bonds. Type II winter flounder hepcidin is missing two cysteine residues,
indicating that a maximum of three disulphide bonds could form. Hb357 contains
only five cysteine residues and is quite different from the remaining hepcidin-like
sequences. Results of secondary structure prediction methods indicated that the
consensus structure of fish hepcidins was mostly random coil, although short stretches

of extended strand were predicted by some methods.

Figure 17 describes Alignment of winter flounder (WF1, WF2, WE3a, WE3b,
WF4), Atlantic halibut (Hbl.1, Hb5.3, Hb7.5, Hb17, Hb357) and Atlantic salmon
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(Sall, Sal2, Sal2.1, Sal8.6) hepcidins with those of Japanese flounder (JFL4, JFL6),
medaka, hybrid striped bass and human. A partial sequence from rainbow trout
(GenBank accession AF281354_1) is also shown. The predicted positions of signal

peptidase and pre-protein cleavages are indicated by arrows.

From Figure 17, it is apparent that all of the flatfish-type hepcidins have very
similar signal peptides, which differ somewhat from the salmonid type and human
hepcidin. Other novel features identified included different groups of hepcidins based
on (1) number of cysteines, (2) unique insertion FKC in flatfish Type III, (3) two
other locations that may contain unique insertions (4) a truncated version (Flatfish

Type IV), (5) longer versions at the amino terminus.

Based on the alignment, it is apparent that there are at least three different groups
of flatfish hepcidins distinguishable by shared insertions and deletions. WF2 and JFL6
(Flatfish Type II) share a deletion of seven amino acids near the KR cleavage site
resulting in a processed peptide of 19 amino acids, whereas WF3a, WF3b, WF4,
Hb1.1, Hb17, Hb5.3 and Sal8.6 (Flatfish Type IM) exhibit a deletion of only four
amino acids (excluding the portion corresponding to the missing exon of WF4)
resulting in processed peptides of 22 amino acids. WF1 and JFLA (Flatfish Type I) do
not contain this deletion but do contain an insertion relative to all other reported
hepcidins at a position adjacent to the signal peptidase cleavage site. In addition,
WF1, bass and medaka share an insertion of one amino acid within the mature peptide
relative to all other reported hepcidins, giving a peptide of 26-27 amino acids. WF3a
and WE3b differ from each other by only one amino acid although they contain
several silent substitutions and differences in the 5’ and 3’ untranslated regions.
Hb357 represents a possible fourth class of flatfish hepcidins. The 3’ untranslated
regions of WE2 and WF1 are very different from those of the other hepcidin
transcripts, WF2 containing a long additional portion relative to the others and
WF1being shorter and less highly conserved (Fig. 18A).

The salmonid hepcidin-like peptides fall into one group; the four reported
sequences all share two deletions and differ from each other by four amino acids in

the mature peptide and four amino acids in the upstream pre-protein portion. The 3’
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untranslated regions of the salmon hepcidins are only moderately conserved (Fig.

18B).

Figure 18 describes Alignment of 3’ untranslated regions of (A) winter flounder
(WF1, WF2, WF3a, WEF3b, WF4) and (B) Atlantic salmon (Sall, Sal2) hepcidin
cDNAs. Conserved nucleotides are boxed. The positions of the primers used to

amplify hepcidin homologs from halibut and salmon are indicated by arrows.

Genomic Organisation of Winter Flounder Hepcidin Genes

Southern hybridization analysis of genomic DNA from a wide variety of fish
with a probe corresponding to Type I hepcidin identified bands in all flatfish tested
but none of the other fish species (Fig. 19). In winter flounder, two fragments of 4.3
and 4.5 kb hybridized with the probe. Two fragments of yellowtail flounder of
identical size hybridized (4.3 kb) and two fragments of witch flounder genomic DNA
also hybridized (4.3 and 20 kb), whereas only one fragment (4.3 kb) of the American
plaice and one fragment (5.5kb) of the Japanese flounder genomic DNA hybridized.

Figure 19 describes Southern hybridization analysis of hepcidin in different fish
species. SsfI digests of genomic DNA (7.5 pg) from hagfish (Hg), shark (Sh), white
sturgeon (St), winter flounder (WF), yellowtail flounder (YF), American plaice (AP),
witch flounder (Wi), Japanese flounder (JF), Atlantic salmon (AS), smelt (Sm) and
haddock (Hd) were hybridized with Type I hepcidin from winter flounder. Size

 markers (M) are Lambda DNA digested with Szyl.

Identification of Hepcidin-like sequences by RT-PCR

Figure 2 describes amplification of hepcidin cDNAs from halibut and salmon
liver and spleen. RNA was prepared from tissues of fish infected with a bacterial
pathogen to induce expression of antimicrobial peptide genes, reverse-transcribed and
subjected to PCR using the primers listed below. Actin was run as a control to show
expression of a house-keeping gene. The labelling on the figure is as follows: HL -
halibut liver; SL - salmon liver; HS - halibut spleen; SS - salmon spleen; M —
markers. For the primers 5'U is the Universal 5' primer used in all reactions, Sal is He

Sal (below) and WF is HcPA3b (below).
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HepUniversal 5> AAGATGAAGACATTCAGTGTTGCA
HcPA3 3B2: GTTGTTGGAGCAGGAATCC
Hc Sal: TGCTGGCAGGTCCTCAGAATTTGC

The results of RT-PCR assays of tissue-specific expression of the three winter
flounder hepcidins are shown in Fig. 20. Type I hepcidin was abundantly expressed in
the liver and, to a lesser extent, in the cardiac stomach. Type II hepcidin could not be
detected in any tissues, whereas Type III hepcidin was moderately expressed in the

esophagus, cardiac stomach, and liver.

In uninfected Atlantic salmon, Type I hepcidin was expressed at quite high levels
in the liver, blood and muscle, at low levels in gill and skin, and at barely detectable
levels in anterior and posterior kidney (Fig. 21A, Table 10). Type II hepcidin was
expressed at barely detectable levels in the gill and skin only (Fig. 21B). However,
fish infected with Aeromonas salmonicida showed expression of both types of

hepcidin in most tissues tested (see below).

RT-PCR analysis of hepcidin gene expression in winter flounder larvae of different
ages is shown in Fig. 22. Transcripts of Type II hepcidins could not be detected at any
stage of development, whereas Type I and Type III hepcidins were detectable in pre-
metamorphic larvae. Type I hepcidin was more abundantly expressed than Type II
hepcidin and was also expressed at an earlier time (5 dph vs. 9 dph.).

Figure 20 describes Reverse transcription-PCR assay of hepcidin and actin gene
expression in different tissues of winter flounder. Amplification products from adult
winter flounder were amplified using gene-specific primers for Flatfish Type I (panel
A), Type II (panel B) and Type III (panel C) hepcidins and for actin (310 bp) and
resolved by electrophoresis on a 2% agarose gel. Markers (M) are the 100 bp ladder
(BRL)

Figure 21 describes Reverse transcription-PCR assay of hepcidin and actin gene
expression in different tissues of control Atlantic salmon (C) and those infected with
Aeromonas salmonicida (I). Amplification products from reactions using gene-

specific primers for Salmonid Type I (panel A) and Type II (panel B) hepcidins (163
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bp) and for actin (400 bp) were resolved by electrophoresis on a 2% agarose gel.
Markers (M) are the 100 bp ladder (BRL).

Figure 22 describes Reverse transcription-PCR assay of hepcidin and actin
expression in developing winter flounder larvae. Samples were larvae at 5 dph (lane
1), 12 dph (lane 2), 19 dph (lane 3), 27 dph (lane 4), 41 dph (lane 5) and adult (lane
6). Amplification products from reactions using gene-specific primers for Flatfish
Type I (panel A), Type II (panel B) and Type III (panel C) hepcidins and for actin
(400 bp) were resolved by electrophoresis on a 2% agarose gel using a 100 bp ladder

(Pharmacia) as markers (lane M).

Identification of additional hepcidin-like sequences from other fish species

Using a primer based on highly conserved sequences in the signal peptide of
all reported hepcidins (Hep Universal 5°) in combination with primers based on
highly conserved sequences in the 3° UTR of salmon (HcSal 3°) and flatfish (HcPA3b
3%), it was possible to amplify hepcidin-like sequences from the liver and spleen of
halibut and salmon (Fig. 2). An alignment of the deduced amino acid sequences of
hepcidin-like peptides from winter flounder, Atlantic halibut and Atlantic salmon is
shown in Fig. 17. Interestingly, flatfish-type hepcidin could be amplified from salmon
(S8.6) and salmon-type hepcidin could also be amplified from a flatfish (Hb7.5).
Additonal sequences were obtained from genomic DNA of Petrale sole, C-O sole,

English sole, starry flounder, European plaice, Greenland halibut and Pacific halibut.

Figure 17 depicts an alignment of certain winter flounder (WF1, WF2, WF3a,
WF3b, WF4) Atlantic halibut (Hb1.1, Hb5.3, Hb7.5, Hb17, Hb357) and Atlantic
salmon (Sall, Sal2, Sal2.1, Sal8.6) hepcidins with those of Japanese flounder (JFLA,
JFL6, medaka, hybrid striped bass and human. A partial sequence from rainbow trout
(Genbank Accession AF281354_1) is also shown. The predicted positions of signal

peptidase and pre-protein cleavages are indicated by arrows.
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DISCUSSION

Pleurocidins

Most antimicrobial peptides, including cecropins and dermaseptins, are
encoded by multigene families that have probably arisen by sequential gene
duplications. We have demonstrated that the winter flounder, and probably other
flatfish, possess a gene family encoding antimicrobial compounds similar to
pleurocidin. Comparison of the genomic amplification products obtained using PL1/2
with the cDNA sequence (Fig. 1A) showed that WF2 and WF4 contain three introns,
the first of which occurs only 1 bp upstream from the initiator methionine. The second
and third introns both occur within the mature peptide. The genes for GLa, xenopsin,
levitide and caerulein — all skin peptides from Xenopus laevis — also contain an intron
1 bp upstream from the initiator methionine (Kuchler et al 1989). The intron positions
are conserved in all but WF3 (Fig. 6), but they differ dramatically in size (Table 5),
indicating that a considerable period of evolutionary time has elapsed since the

duplication events occurred, or that the intron sequences are relatively free to drift.

Southern analysis shows that WF1-4 probes hybridise to other flatfish DNAs,
including yellowtail flounder, Atlantic halibut and American plaice, but not to
haddock, smelt or pollock. This hybridisation could be due to the highly conserved
signal sequence and anionic portion which we have shown to be conserved in
sequences isolated from these flatfish. Flatfish may provide a rich reservoir of
potential therapeutants fof the aquaculture industry. The probes for the different
pleurocidin family members often recognise the same restriction fragments in winter
flounder DNA, indicating that they may be clustered at a single locus on the genome.
Complete sequencing of two Lambda clones hybridizing to pleurocidin confirms that
such clustering does in fact occur (Fig. 11). Clustering of antimicrobial peptide genes
has also been noted for insect cecropins (Gudmundson et al. 1991) and apidaecins

(Casteels-Jossen et al. 1993), among others.

Figure 11 describes an embodiment of a Schematic of genomic organization of
pleurocidin-like genes and pseudogenes (V) from winter flounder. Introns are

represented by solid boxes and exons by stippled boxes.
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All of the members of the pleurocidin family are encoded as
prepropolypeptides consisting of an amino-terminal signal sequence followed by the
active peptide and ending with an acidic portion. The deduced amino acid sequences
of the signal and acidic sequences are very highly conserved whereas those of the
predicted mature antimicrobial peptides are more variable (Fig. 6). All, however,
appear to fold into amphipathic o-helices. This sequence conservation has allowed us
to use a genomic approach to identify many different members 6f the pleurocidin
gene family, not only from winter flounder but also from a variety of other flatfish
(Fig. 3, Table 4, Appendix I).

The structure of the pleurocidin prepro polypeptides bears certain
resemblances to the frog dermaseptin precursors, which also contain a signal sequence
of similar length (22 amino acids) and an acidic portion of 16-25 amino acids. From
the full-length cDNA clone (Fig. 1A), the acidic portion of pleurocidin was shown to
contain 21 residues. A major difference between the pleurocidin and dermaseptin
prepolypeptides is the position of the acidic portion — downstream of the mature
peptide in pleurocidin and upstream of the mature peptide in dermaseptins. The acidic
proparts of defensins have been proposed to prevent interaction of the antimicrobial
peptide with the membrane by neutralising the cationic charges (Valore et al. 1996)
and this may also be its function in pleurocidin. This feature can be of practical

significance for delivering peptides that are inactive until specifically cleaved.

The signal sequences and acidic carboxy-terminal sequences of the
pleurocidin family members are extremely highly conserved. The former, and
possibly the latter, are presumed to target the precursor molecules to the cell
membrane for secretion. Gene families for antimicrobial peptides that contain highly
conserved signal peptides (often encoded by the first exon) followed by end products
with different biological activities have been described from the dermaseptin family
(Valore et al. 1996) and the GLa, xenopsin, levitide and caerulein, all of which are
skin peptides from Xenopus laevis (Kuchler et al. 1989). These authors proposed that
this modular gene structure allows targeting for secretion to be achieved for markedly
different peptides using a common pathway. In the pleurocidin gene family, a

modular structure is also present with exon 2 encoding the signal sequence and first
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half of the antimicrobial peptide, exon 3 encoding the next ten amino acids of the
antimicrobial peptide, and exon 4 encoding the last three amino acids of the

antimicrobial peptide and the acidic carboxy terminus.

The mature peptides encoded by WF2 and WF4 are 60% identical to each
other (Fig. 6) and somewhat less similar to dermaseptin B1 and ceratotoxin B (Cole et
al. 1997). WF1 is 64% identical to WF1a but contains a remarkably cationic stretch of
18 amino acids between the signal sequence and the mature peptide that is not present
in WF1la. Whether or not this potentially antimicrobial 18-mer peptide arises when
pleurocidin WF1 processing occurs remains to be determined. Both WF1 and WFla
contain an additional 10-11 amino acids relative WF2, WF3 and WF4 between the
mature peptide and the acidic carboxy terminus. WEF3 shares similarities with both
WF2/4 and WF1/1a. Synthetic pleurocidin identical to the central portion of WF2 has
been shown to protect Coho salmon against infection by Vibrio angﬁillarum, as have
hybrid peptides based on pleurocidin, dermaseptin and ceratotoxin (Jia et al. 2000).

The tissue-specific expression of the pleurocidin genes was assessed using
northern blot analysis and RT-PCR. Northern analysis proved to be not sufficiently
sensitive for detecting the low level of transcripts present in winter flounder mRNA.
Transcripts were present only in skin in sufficient quantities to be detected by this
method, so the more sensitive RT-PCR assay was used. Pleurocidin transcripts were
found in both skin and intestine using this method, in agreement with the recently
reported ultrastructural localisation of pleurocidin in these tissues (Cole, Darouiche et
al. 2000) and supporting the role of pleurocidin in mucosal immunity. The transcript
size (approximately 200 bp) is consistent with the size of products obtained by RT-
PCR (Table 7), showing that the pleurocidin genes are transcribed separately.

RT-PCR analysis showed that the genes for the different pleurocidin-like
peptides are expressed in a tissue-specific manner with WEF2 being expressed
predominantly in the skin and gill and to a lesser extent in the muscle, intestine,
stomach and liver whereas WF1 and WF4 are detected predominantly in the gill and
skin (Fig. 7). WF3 and WFYT are expressed in most of the tissues sampled, WFX is
detected solely in the skin and WF1a was not expressed in any of the tissues sampled.
Possibly, the different antimicrobial peptides are required to control the growth of

different bacterial populations in the two tissues. Since no RT-PCR products were
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detected for WF4, it is possible that this gene is expressed only at low levels in adult

skin or intestine or that it is expressed at a different life stage or in a different tissue.

Using primers that did not discriminate between the transcripts of the various
pleurocidin-like genes, expression was first detected at 5 dph and showed a
progressive increase towards adulthood. However, recent experiments using primers
specific for WF1, WF1a, WF2, WF3, WF4 , WFX and WFYT, transcripts were
detected at different developmental stages (Fig. 9). WFX was only detectable at 20
dph, whereas WFYT, WF3 and WF2 were detectable at 5 dph and at higher levels
between 25-36 dph. Interestingly, WF1 was not detectable at any larval stage and may
only be expressed under specific environmental conditions in response to specific
bacterial pathogens, as has been shown for Drosophila (Rivas and Ganz 1999). This is
the first demonstration of developmental expression of an antimicrobial peptide in
fish and shows that at least this component of innate immunity is present in early
larval stages of winter flounder. Larval mortality prior to metamorphosis is of great
concern and although the reasons for such mortality are not yet known, high bacterial
load in the gut has been proposed (Padros, Minkoff et al. 1993). The adaptive immune
systems of flatfish have been shown to develop later than those of other teleosts
(Padros, Sala et al. 1991). Thus, the ability of larvae to produce antimicrobial peptides
during this period may be crucial to survival, and the identification of factors that
increase the production of such compounds would be of great benefit to

aquaculturalists.

These results of testing synthetic peptides against a variety of bacterial
pathogens as well as the fungal pathogen, Candida albicans, show promising
candidates with broad-spectrum antimicrobial activities. Of particular interest is the
ability of the peptides NRC-13 and NRC-15 to inhibit the growth of methicillin-
resistant S. aureus at concentrations as low as 4 pg/ml. NRC-13 is also capable of
inhibiting the growth of C. albicans at 4 pg/ml, P. aeruginosa at 1 pg/ml (and killing
P. aeruginosa at this concentration5, and A. salmonicida at 2 pg/ml. This means that
NRC-13 is highly active against a fish pathogen, a Gram-negative human bacterium, a
drug-resistant Gram-positive human bacterium, and a yeast. The example of NRC-13
demonstrates the range of potential targets and applications for cationic antimicrobial

peptides.
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These results also validate the process we used for selecting antimicrobially
active peptides from a large amount of sequence data. The ability to accurately predict
which peptides are likely to be active is a crucial link between genomics and
therapeutics. While much work remains to be done in this area, we have clearly
demonstrated that judicious application of the principles described earlier will aid in

selecting active peptides.

Thus, a variety of cDNA and genomic sequences encoding the precursors of
antimicrobial peptides identical to or similar to pleurocidin from a variety of flatfish
species have been isolated. Northern hybridisation and sequence analysis of RT-PCR
products showed that expression was tissue-specific. Most importantly, the timing of
expression of different pleurocidin variants in developing larval winter flounder was
determined, allowing an estimate of the onset of the innate immune system in this
fish. These assays of pleurocidin expression are useful in directing the screening
strategy for isolating novel peptide sequences expressed during specific tissues and/or
developmental stages. Environmental parameters affecting the production of

pleurocidin can also be assayed.

This work paves the way to further studies aimed at the over-expression of
pleurocidin as a therapeutant for aquacultured fish and the production of disease-
resistant fish through transgenic technology as has been demonstrated in transgenic
tobacco expressing antimicrobial peptides (Jach et al. 1995) and proposed for fish (Jia
et al. 2000). Furthermore, because many fish live in a saline environment, the
properties of their antimicrobial peptides may be different from those produced by
terrestrial animals and have application in unique situations. For instance, the
pulmonary mucosa of patients with cystic fibrosis contain elevated NaCl
concentrations, which inhibit the natural cationic peptides secreted by the lung
(Goldman et al. 1997). Salt-adapted cationic peptides from marine fish may have

application in the treatment of lung infections in these patients.
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Hepcidins

Sequence analysis of one salmon EST (SL1-0412) and one halibut clone
(Hb7.5), revealed the presence of unspliced transcripts and allowed the positions of
some of the introns to be determined (Fig. 16). Similar to mouse, human and hybrid
striped bass, the salmon hepcidin is composed of three exons and two introns (Park,
Valore et al. 2001; Shike et al. 2002; Pigeon, Ilyin et al. 2001). The position of the
first intron of salmon and bass are identical and correspond to a position two amino
acids 5° to those of mouse and human. However, the second salmon intron and the
second halibut intron of Hb7.5 correspond to a position two amino acids 3’ to those of
mouse and human and several amino acids 5° to that of the bass. This is probably due
to “intron sliding” whereby the positions of introns have shifted by several
nucleotides over the course of evolution. Interestingly, the deletion in WF4
corresponds precisely to the position of the first salmon intron and the second

mouse/human intron, indicating an intermediate intron/exon structure.

Mouse contains two hepcidin genes that are clustered on the genome
(Pigeon, Ilyin et al. 2001) but in human (Park, Valore et al. 2001) and striped bass
(Shike et al. 2002) only one hepcidin gene has been identified. Although the number
of hepcidin genes in winter flounder and Atlantic salmon remains to be determined,
there are at least five in winter flounder, five in Atlantic halibut and four in Atlantic
salmon. Since there are no Ssf sites within the hepcidin probe used in the Southern
hybridization analysis, it is highly probable that the five winter flounder hepcidin
genes reported here are clustered on two genomic fragments. Multiple genes for
pleurocidin also exist (Douglas, Gallant et al. 2001) and are clustered on the genome
(Fig. 11). Interestingly, all of the small flounders tested from the Atlantic exhibited a
similar hybridizing band of 4.3 kb, indicating that they share similarity at the genomic
level. Japanese flounder, found in the Pacific, exhibited a single hybridizing band of
5.5kb.

The deduced amino acid sequences of the fish prepro-hepcidins can be aligned
with those from mammals throughout their length but only show high similarity in the
portion corresponding to the processed peptides (Fig. 17). However, within the fish,

the signal peptide and the propiece are also very highly conserved. Conservation of
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these segments has also been noted in the pleurocidin family (Douglas, Gallant et al.
2001). The amino-termini of the processed peptides were assigned based on the amino
acid sequence of human hepcidin (Krause, Neitz et al. 2000; Park, Valore et al. 2001)
and the proximity to the RX(K/R)R motif characteristic of processing sites
(Nakayama 1997). The molecular weights of the processed hepcidins from winter
flounder and Atlantic salmon range from 1992 Da (WF2) to 3066 (WF1), comparable
to hepcidins isolated from mouse, human and bass. With the exception of WF2, which

has an acidic pI (5.54), the pls of hepcidins are between 7.73 and 8.76.

Like pleurocidins, the amino acid sequences of the hepcidin variants are
highly similar within species, suggesting relatively recent duplication of an ancestral
gene. It is possible that the aquatic environment in which fish live necessitates the
existence of a more diverse suite of antimicrobial peptides than in terrestrial
mammals. In addition, this component of the innate immune system plays a more
major role in fish than in mammals, which have a more highly evolved adaptive

immune system.

The human hepcidin molecule has been proposed to form a secondary
structure containing a series of B-turns, loops and distorted B-sheets (Park, Valore et
al. 2001). Consensus secondary structure prediction of fish hepcidins show that they
contain mostly random coil structure with some extended strand structure. With the
exception of WF2, JFL6 and Hb357, all hepcidins reported thus far contain eight
cysteine residues which are proposed to form four disulphide bonds (Krause, Neitz et
al. 2000; Park, Valore et al. 2001) in the following linkage pattern: 1-4, 2-8, 3-7, 5-6
(Park, Valore et al. 2001). The loss of cysteine residues 1 and 3 from WF2 suggests

that at least one disulphide bond cannot form.

Using gene-specific primers, we were able to demonstrate that different
hepcidin genes are expressed in different tissues of both winter flounder (Fig. 20) and
Atlantic salmon (Fig. 21). In Atlantic salmon, hepcidin was detectable in normal
uninfected fish predominantly in liver, blood and muscle (Type I) and to a lesser
extent in gill and skin (both types). This is consistent with the presence of three ESTs
for Type I hepcidin in ¢cDNA libraries constructed from uninfected livers, and the

absence of ESTs for Type II hepcidin in cDNA libraries constructed from uninfected
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liver, spleen and head kidney. Type II hepcidin expression appears be confined to
external epithelial surfaces in contact with the aqueous environment, whereas Type I
hepcidin expression is more widespread, being expressed in liver, blood and muscle
as well as external epithelial surfaces. In uninfected winter flounder, no transcripts of
Type I hepcidin could be detected in any tissue but transcripts of Types I and II
hepcidin were present in the liver and cardiac stomach. Type III hepcidin transcripts

were also present in the esophagus.

Mouse hepcidin was also reported to be predominantly expressed in liver, and
weakly in stomach, intestine, colon, lungs, heart and thymus by Northern analysis
using one of the mouse hepcidin sequences as probe (Pigeon, Ilyin et al. 2001).
However, this study did not discriminate between the two hepcidin genes and it is not
known whether or not the two mouse genes are differentially expressed in tissues of
mouse. Similarly, dot-blot analysis of human tissues and cell lines using the human
hepcidin ¢cDNA as probe revealed strong expression in adult and fetal liver and
weaker expression in adult heart, fetal heart and adult spinal cord (Pigeon, Ilyin et al.
2001). An earlier study using RealTime quantitative RT-PCR (Krause, Neitz et al.
2000) revealed strong expression of hepcidin in human liver, heart and brain and
weak expression in a variety of other tissues. Interestingly, we could not detect either
Type I or Type II hepcidin expression in the brain of normal Atlantic salmon or
winter flounder, or heart of normal Atlantic salmon. However, in infected animals,
Type II hepcidin was expressed in both tissues, indicating that this form is the
predominant one produced under conditions of stress.

It is intriguing that we detected transcripts of Type I hepcidin that were
constitutively expressed in blood cells of Atlantic salmon. Constitutively expressed
non-enzymic antimicrobial molecules have been reported only rarely in blood of fish;
a small hydrophobic cationic peptide was found in mucus of rainbow trout (Smith et
al., 2000) and moronecidin, an antimicrobial peptide from bass, was expressed in
blood of uninfected animals (Lauth et al. 2002). Interestingly, expression of neither
hepcidin increased in blood of infected salmon relative to the uninfected control
animals. Possibly, hepcidin is fulfilling a role in iron homeostasis in control animals
as well as an antimicrobial role. Its presence in circulating blood cells of uninfected

animals may be a precautionary measure against impending infection.
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Type I and II hepcidins from Atlantic salmon were up-regulated during
infection with Aeromonas salmonicida, but to different extents in various tissues.
While Type I hepcidin was noticeably up-regulated in the esophagus, stomach,
pyloric caecae, liver, spleen, intestine, posterior kidney, rectum and muscle and to a
lesser extent in anterior kidney and skin, Type II hepcidin showed a more dramatic
increase in stomach, pyloric caecae, liver, spleen, intestine, brain, heart and muscle.
Weaker up-regulation was present in esophagus, anterior and posterior kidney, skin
and rectum. These results are consistent with those reported for bacterially challenged
hybrid striped bass where up-regulation was most dramatic in liver, but was also
demonstrated in skin, gill, intestine, spleen, anterior kidney and blood (Shike et al.
2002). It is not known whether there are multiple hepcidins in hybrid striped bass and,
if so, whether they are differentially expressed as in Aflantic salmon and winter

flounder.

Studies with mice have shown a 4.3-fold increase in hepcidin expression in
livers of mice injected with LPS and a 7-fold increase in primary hepatocytes exposed
to LPS (Pigeon, Ilyin et al. 2001). These studies were based on Northern analysis
using only one of the mouse hepcidin sequences as probe, and were therefore unable
to distinguish possible differential expression of the two mouse variants. Similar
increases were noted in livers of mice subjected to iron overload, but not for primary
hepatocytes exposed to iron citrate, possibly due to the differentiation status of the
cultured hepatocytes. The fact that both iron overload and LPS exposure increase
hepcidin expression indicates the importance of these two factors in the host response

to pathogens.

During infection, iron is removed from the system by various mechanisms so
that it is unavailable for use by invading pathogens. It has been proposed that recently
discovered transferrin receptor2 mediates iron uptake by hepatocytes and increases
their expression of hepcidin (Fleming and Sly 2001; Nicolas, Bennoun et al. 2001).
Hepcidin, in turn, increases iron accumulation in macrophages and increases dietary
iron absorption in duodenal crypt cells via B2 microglobulin, HFE and transferrin
receptorl. These crypt cells differentiate into enterocytes with reduced amounts of
jron transport proteins, thereby decreasing dietary iron uptake. Hepcidin thus appears

to play a crucial role in iron homeostasis during inflammation as well as acting as an
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antimicrobial peptide. It is also possible that hepcidin could modulate expression of
liver-derived acute phase proteins and exhibit synergistic effects with other

components of the immune system.

Antimicrobial peptides have been shown to modulate gene expression in
mouse macrophages (Scott, Rosenberger et al. 2000), and it is possible that they may
exert similar effects in fish macrophages or hepatocytes. The presence of a functional
nuclear localization signal (four K/R residues in a row) within prohepcidin of mouse
and human indicates that hepcidin could act as a signaling molecule involved in
maintenance of iron homeostasis in these organisms (Pigeon, Iyin et al. 2001).
Interestingly, the nuclear localization signal also contains the recognition signal for
processing of prohepcidin, indicating that nuclear localization would occur only prior
to removal of the propiece, or that the propiece itself is localized to the nucleus.
Teleost hepcidins contain only 3 out of 4 K/R residues, which may not be sufficient
for nuclear localization; a role for hepcidin in intracellular signaling awaits testing

with synthetic or in vitro-expressed peptide.

In conclusion, the sequences of new hepcidin-like peptides from different fish
species and the presence of related sequences in several flatfish species by Southern
hybridization have been determined. Furthermore, it has been shown that the various
types of fish hepcidins are differentially expressed in a tissue-specific manner in
normal fish, as a result of bacterial infection, and during larval development, thus
providing a strategy for identifying additional sequences for novel peptides.
Apparently in fish, different tissues produce hepcidins in a constitutive or inducible
manner, indicating that hepcidin variants may have different functions under different
circumstances. Given their role in iron homeostasis in mammals, it is possible that
fish hepcidin variants may fulfill this role as well as that of killing specific pathogens.
In vitro expression of hepcidin variants will allow their spectrum of antimicrobial

activity to be determined as well as their effect on the innate immune response.

Thus, there has been provided a method for identifying potential antimicrobial

peptides.
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Tables

Table 1. Nucleotide sequences of oligonucleotides used for isolating pleurocidin-like
sequences

Table 2. Nucleotide sequences of oligonucleotides used for assay of pleurocidin-like
gene expression in different tissues and at different stages of development of winter
flounder

Table 3. Nucleotide sequences of primers used in RT-PCR assays to analyse hepcidin
gene expression. The amino acid sequence on which the 5° primer was based is
shown. The 3’ primers were within the 3’ untranslated region (3° UTR). The
annealing temperatures used in the PCR reactions and the sizes of the amplification
products are listed.

Table 4. One-letter amino acid sequences for pleurocidins based on genomic and
expression data

Table 4a. Bacterial and Candida strains used in this study

Table 5. Sizes of introns (in bp) in genomic sequences amplified using primers PL5’
and PL3’

Table 6. RT-PCR products from skin and intestine corresponding to different
pleurocidin genes

Table 7. Sizes of bands (in kb) hybridising to pleurocidin probes in BamHI and Sst1
digests of winter flounder DNA

Table 8. Minimal inhibitory concentrations of pleurocidin-like cationic antimicrobial
peptides against a wide spectrum of bacterial pathogens and Candida albicans.

Table 9. Characteristics of winter flounder and Atlantic salmon hepcidin-like peptides
Table 10. Results of PCR analysis of hepcidin expression

Table 11. One-letter amino acid sequences for certain hepcidins based on genomic
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Table 12. Nucleotide sequences corresponding to amino acid sequences listed in
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Table 13 One-letter amino acid sequences for certain hepcidins based on genomic

and expression data, including clone names
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Appendices
APPENDIX I. NUCLEOTIDE SEQUENCES OF PLEUROCIDIN-LIKE GENES
AND CDNAS REFERRED TO IN TABLE 4.
Appendix II. Nucleotide sequences of hepcidin-like genes and cDNAs referred to in
Table 11.
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Table 1. Nucleotide sequences of oligonucleotides used for isolating pleurocidin-like

sequences
Primer Amino Acid Nucleotide Sequence (5’ = 3’)
Sequence

Screening cDNA library

PleuroA FFKKAAHVGKH TTCTTCAAGAAGGCYGCYCAYGTIC/GIGG
[C/AJAAGCA

PleuroB HVGKAALTHYL' CAYGT[C/G]GG[C/A]JAAGGCYGCYCT[C/G]
AA[C/T/AJCAYTACCT

Genomic PCR and RT-PCR

PL1 5’ untranslated GCCCACTTTGTATTCGCAAG

PL2 3’ untranslated CTGAAGGCTCCTTCAAGGCG

PL5’ MKFTATF ATGAAGTTCACTGCCACCTTC

PL3’ KRAVDE! TCATCGACTGCGCGCTT

'complement
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Table 2. Nucleotide sequences of oligonucleotides used for assay of pleurocidin-like

gene expression in different tissues and at different stages of development of winter

flounder
Gene Primer Amino Acid  Nucleotide Sequence (5’ = 3)
Sequence
WE1 RTWF1 KGRWLER = AAGGGCAGGTGGTTGGAAAGG
' RTWF1/3’ YQEGEE' CCCTCCCCCTCCTGGTA

‘WFla RTWFla RKRKWLR CGTAAGAGAAAGTGGTTGAGA
RTWF1a/3’ YQEGEE' CCCTCCCCCTCCTGGTA

WE2 RTWE2 KAAHVG AAGGCTGCTCACGTTGGC
PL2 3* untranslated CTGAAGGCTCCTTCAAGGCG

WEF3 RTWE3 FLGALIK TTCTTAGGAGCCCTITATCAAA
RTWEF3/3’ YDEQQE' CTCCTGCTGCTCGTCATA

WF4 RTWF4 HGRHAA CATGGTCGTCATGCTGCC
PL2 3’ untranslated CTGAAGGCTCCTTCAAGGCG

WFYT RTWFYT GFLFHG GGGATTTCTTTTTCATGG
RTWFYT/3’ SFDDNP' GGGTTGTCATCGAATGAG

WEX RTWEX RSTEDI CGTTCTACAGAGGACATC
RTWFX/3’ DDDDSP' GGGGCTGTCATCATCATC
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Table 3. Nucleotide sequences of primers used in RT-PCR assays to analyse

hepcidin gene expression. The amino acid sequence on which the 5’ primer was

based is shown. The 3’ primers were within the 3’ untranslated region (38’ UTR). The
annealing temperatures used in the PCR reactions and the sizes of the amplification
products are listed.

Type Primer Amino acid Nucleotide sequence Annealing
Product

(size) aequence (5’=3% temperature size

(bp)

Winter flounder

Type | HcPA1 &’ WMENPT TGGATGGAGAATCCCACC 50°C
I“-l?:_/l;’Mb 3 3UTR GTGAGGTTGTGTTGCGGG

Type |l HcPA2 &’ GMMPNN GGGATGATGCCAAACAAC 50°C
:g%AZbS’ 3' UTR ACTTGGACTATGGGCTGAG

Type lll HcPA3 &' WMMPNN TGGATGATGCCATACAAC 50°C
I1-l1c?°A3b g 3'UTR GTTGTTGGAGCAGGAATCC

Actin ActF (WF) AALVVD TCGCTGCCCTCGTTGTTGAC 50°C
igkﬁNH* VLLTEAP* GGAGCCTCGGTCAGCAGGA
ActinF1 VFPSIV GTGTTCCATCCATCGTC 50°C
xﬁnﬂ1 HTFYNEL GAGCTCGTTGTAGAAGGTGT

Atlantic salmon

Type | HCSS &' MHLPEP ATGCATCTGCCGGAGCCT 55°C
lli% LivR 3 UTR CATTGCAAACATGTACAAACTAG

Type il Hep Sp F MNLPMH ATGAATCTGCCGATGCA 52°C
:—1?93;; Sp R 3 UTR GGGCAAATTAAAGGCG

Actin Act400F IVGRPRHQ TCGTCGGTCGTCCCAGGCATCAG 52°C
ig;OOR GYALPHAI

ATGGCGTGGGGCAGAGCGTAACC

* complement
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Table 5. Sizes of introns (in bp) in genomic sequences amplified using primers PL5’

and PL3’

Gene Exonl Intron 1 Exon 2 Intron 2 Exon3

Total
WF1 154 539 31 95 82 901
WF1a' 103 ? 31 ? 82 ?
WF2> 100 525 31 108 49 813
WE3 100 374 19 97 64 654
WF4> 100 230 31 101 49

511

"Intron sizes could not be determined as this sequence is only represented by an RT-

PCR product

*Sequences were also amplified using primer PL1 and PL2

Table 6. RT-PCR products from skin and intestine corresponding to different

pleurocidin genes

Skin Intestine Size
Band
4 n/d’ 265bp
WF1
5 2 175bp
WE2
4 9 175bp
WEF3
n/d' n/d' -
WF4
n/d’ 7 215bp n/d?
"not detected

2 not detected by genomic PCR (corresponds to WF1a)
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Table 7. Sizes of bands (in kb) hybridising to
pleurocidin probes in BamHI and SszI digests of winter

flounder DNA

Probe BamHI Sstl

WE1  >24,6 19,17,4.5,4.4,3.0,2.9,2.2, 1.3,

X

WF2 6 19,17,4.5,44,2.9, x 1.3,

X

WF3  >24 19,17,45, x 29, x 22,13, x
WF4 17,6 19,17,4.5.44.29, x 22,1.3,1.2

x=no hybridising band evident
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Table 9. Characteristics of winter flounder and Atlantic salmon hepcidin-like
peptides

Total Total Molecular

Name Amino Acids Cysteines Weight pl
WF1 27 8 3066

8.75
WE2 19 6 1992 5.54
WE3 22 8 2367 8.74
WF4 22 8 2256 8.52
Hb5.3 22 8 2363 8.75
Sal8.6 22 8 2331 8.76
Hb17 22 8 2391 8.76
Hbl.1 22 8 2391 8.76
Hb357 22 5 2397 7.84
Hb7.5 25 8 2881 8.53
Sal2.1 25 7 2925 8.60
Sall 25 8 2720 7.73
Sal2 25 8 2881

8.53

Table 10. Semi-quantitative RT-PCR analysis of hepcidin expression in Atlantic
salmon during bacterial challenge

Type I Hepcidin Type H Hepcidin
Tissue IControl Infected Ratio| IControl  Infected Ratio|
Esophagus nd 0.08 T nd 000 T
Stomach nd 0.09 T nd 027 17
Pyloric caecae nd 0.14 T nd 0.37 T
Liver 1.19 2.36 2 nd 145 ™7
Spleen nd 0.18 T nd 041 TT
Intestine nd 0.21 T nd 033 17
Brain nd nd 0 nd 050 17
Blood 0.82 0.84 1 nd nd
Anterior kidney 0.06 0.07 12 nd 008 T
Posterior kidney 007  0.14 2 nd o11 7T
Gill 0.13 0.12 1 0.08 007 1
Skin 0.14 0.18 1.3 0.07 009 13
Ovary nd nd 0 nd nd 0
Rectum 0.07 0.13 2 nd 008 T
Heart nd nd 0 nd 043 T7T
Muscle 0.38 0.8 2.1 nd 060 TT

Pixel densities obtained by densitometry are expressed relative to the actin signal. The
ratio of infected:control was calculated where numerical values were obtained for
both conditions. nd, not detected; T weakly up-regulated; TT strongly up-regulated.
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rable 12. Nucleotide sequences of pleurocidin-like genes and cDNAs referred to in
Table 11.

Winter Flounder WF1
ATGAAGT‘I‘CACTGCCACC'ITCCTCCTGTTGTTCATCTTCGTCCTCATGGTTGATCTCGGAGAGGGTCGTCGTAAGAAAAAGGGGTC
GAAGAGAAAGGGGTCCAAGGGAAAGGGGTCCAAGGGAAAGGGCAGGTGG‘ITGGAAAGGATTGGTAAAGGTAGAGTCACGGAA'ITAA
TI’TGC‘I‘I“I"].‘I'ACA'I“I‘GCAAATATI‘TT‘I‘CATATAACATTGCTGGAAAATCACAAAAATAAGTAGTCAATATATITGGCCAAATAGAA
TCACTTTGA'ITTCAATAATAATCAAAATAACA@CCTAAAAGGCC‘I‘ITGATTAGCATG'ITCCTTCAATGAAATGGACATTGTAATTI‘
ACTI'TGATTCTCAC;ATGCTACGACCTGCTGCAGCAACATITGAAAATAAA‘ITTGTCCCAGAAGATPTTAAAGTACATTGTTATAGG
CGA'I"I‘TATcrrTCTATTACTCAGATATTrGITCAAACCAATAGAATAACTGGATCTC‘I‘ATGCTAAAATAATAAAACACACATI‘CAG
ATG'I'I‘ACCAGTCAAGATTGAACGC‘I'G'I‘I'I‘AAAAGTAAGTATGAAACATCCTCTGTATGTATAATI’GTI‘I’AACI‘GG‘I’AACTTATAGT
CCTAATAA'I'I‘GCG'I"I‘ATGGAAATGTA‘I‘I‘AA'ITGTCATTTAATATAA’I‘I‘I‘GCTGGAA‘I‘ITATCACTGTGTGL TTTTGTTTGTTTTITA
CACAGCTGGCGGGATAATTATCGGGGGGGCCC‘I‘TGAGTAAGGACTTCTACCAT('A’ITACTGTGTAATATITATAG‘ITATGATCAGT
ACAGTI'ATTAACAAC'I“I‘CTCTI‘GTCTCGchAACITCTCCATCAGTCACCTCGGGCAGGGGCAGGTGCAGGGGCCGGA‘ITACGACT
ACCAGGAGGGCGAGGAGCTCAACARGCGCGCAGTCGATGAR

//. ’

Winter Flounder WF1A
A'I‘GAAG‘I‘TCAC‘I‘GCCACC’I‘TCCTCCTGTTG'I‘I‘CATCTTCGTCCTCATGGTTGATCYCGGAGAGGGTCGTGGTAAGAGAAAGTGG'IT

GAGAAGGATI’GGTAAAGGTGTCAAGATAATTGGCGGGGCGGCCCITGATCACCTCGGGCAGGGGCAGGTGCAGGGGCAGGATTACG
AC'I‘ACCAGGAGGGGCAGGAGCTCAACAAGCGCGCAGTCGATGAAA

//

Winter Flounder WF2
GCCCAC'I"I"I‘GTA'I“I‘CGCAAGGTAATA'ITGATAT'I'ITTCATA‘ITCA‘ITI‘AGACAAATGTGCTCAGCTI‘GTTACTGTATAATGCAAAA
G'ITAATGATC‘I'ITATPITTCTG’ITI‘I‘ITI‘ITGTAGAATGAAG‘ITCACI‘GCCACCTI‘CCTCATGATI'GCCATC'ITCGTCCTCATGGT
WMC@GGAGAGTWGG@GGGGAAG@PMTAAAAAGGMCACGGMGAGT@@GAAWMHAGCMWG@HG@
AATA‘ITI‘TI"I‘TI‘ATAACAGCTGGAAAATCACAAAAATAAATAGTATATATA‘ITI‘GGCCAATAAAATCACTI‘I’GATTTCAA‘I‘AA‘I‘AA
TCTAAATAACCAACCTAAAAGGCCFHGATYAGCATGTTCCWCAATGAAATGTACGTTGAGGTHATPYPGATTWCACAAGCAC
CAACCTGC‘I‘GCG‘I‘CAACAATI‘GAATTCAAATTTGTCCCAAAGGAATTCAAAGTAAATTI‘ITCTAGGCGATTTAATUI'ITCCAITAC
TCTGATI‘I‘G'I'I‘I‘TAAAAATATAGAATAACT(‘AATCTCTATGATAAAACAATTACACATACATI‘CAGATITITATAGGACAAGA’ITG
AAAAC‘I'I'CTI‘ACAAGTATGTATAAAACATCATCTGTATGTATAAITGTITAACATGTAACAACTAGTCCPACTAA’BTGTG‘ITAAAT
TGTCATYTAATATCAAITGCITGAGI&TATCAITATGTGTTPIGPITITITTTACACAGTTGGCAAGCATG‘I‘TGGCAAGGCGGCCC-
‘ITACGTAAGGACTTCTACCATMCIGTATAATMGATAGTGTIMCACCAGFACTGTMGACAACWCFMTTCCT@CTG
ACTC'I'CTCC‘ATCCGACTCATCCGCAGTCANACCHGGCGATAAGCAGGAGCICAACAAGCGTGCAGTCGATGAAGACCCAAATGT
TATTCTTTTTGAATGAARGAAAT

//

Winter Flounder WE3
ATCAAGTTCACTGCCACCTTCCTGGTGCTIGT! CCCTGGT! CGTCCTAATGGCTCAGCCTGGAGAGTGTTTCTTAGGAGCCCTTATCAA

AGGGGCCATACATGGTAGAGTCAAGGAA‘I'I‘AA'I‘PAGA’I‘I‘I‘TFACATGTCAAATAATGTAGTAGAACATATATAAGTAGTCAATATA
TI'I‘GACCAAGTAGAATCA'I‘I‘TI‘GAT'ITCAATAATAATCAAAATAACAATCTCCAGGCGATITAATATITGCAATAATTGGATTTTA
TAGAATACGGAACAACL‘GGATCTI'AATGCEAAAATAATCCAACATACATTCIGAMCCAGGCAAAATTAAACACTACHTAAA
GTATGTATAAAACATAATCTGTATGTTATAACAAATACTCCAAGCAATTGTGTGATGGAAATGTATTCATI‘GTCATI‘TAATATAAT
WGCMGAGTWATCATQ'MNMTGITMTWTHCACAGGNGCAGGPHATCCATGGGTAAGGAMWACCATCATGAC
TGTGTATI‘ITTAATATFATTATCATCAGTACFG‘ITAITGACAACITCACTTGTCTCGCTGACTC‘I’C’I‘CCATCAGAATGATCCAAAA
CCATCACGGTTATGACGAGCAGCAGGAGCTCAACAAGCGCGCAGTCGATGAA

//

Winter Flounder WF4
GCCCAC‘I“I‘TGTA'I“I‘CGCAAGGTAATATCAATA’ITITI‘CAAATI‘CAT’ITAGACGAGACCAACCT‘I‘I‘TGGGAAATCTGC‘I‘CAGCTTAT
TACTG’I'ATAATGCAAATGTTAATGATCTTI‘ATI‘TTTCTG‘I'ITI’I'ITI‘I'I‘GTAGAATGAAGTTCACTGCCACCTTCCTCATGATGTY
C‘ATCTTCG'I'CCTCATGGTTGAACCIGGAGAGTGTGGITGGGGAAGCATI‘ITTAAGCATGGTCGTCATGGTAAAGTCACGGAATTAA
TTAGCTTTTAACPPTGCAAATATTGTPITITITPHAACAGCTGGAAACICACAAAAATAAATAGCCGATATATI‘TGGCCAATTAT
AATCACTT‘I‘GATCTAAATAACAACCI‘AAAAGGCCTTTGATTAGCATGTTI’CTTCAATAAAATGATTGAACACTACITAAAGGTATG
TATAAAACATCATCATGTG'ITITIGTITGTI'I'ITACACAGCTGCCAAGCATA‘ITGGCCATGCAGCCG‘I‘TAAGTAAGGAC‘I‘TCTACC
ATTATTACTGTATAA‘I‘TI‘I‘GATAGTA‘I‘I‘ATCACCAGTATI'G’I‘I‘ATTGACAACTTCTCTI‘TTICCTGCTGATCCGACTCATCCGCAG
TCATTACCTTGGCGAGCAGCAAGATCTCGACAAGCGCGCAGTCGATGAAGACCCAAATG’ITATTGTITI‘I‘GAATGAAGAAAT

//

Yellowtail Flounder YT2
ATGAAGTTCACTGCCACCTTCCTCATGATGTGCATCTTCGTCCTCATGGTTGAACCTGGAGAGTGTCGTI‘GGGGGAAATGG’ITI‘AA
AAAGGCCACACACGGTAGAGTCACAGAA’ITAA’I‘I‘AGCTTTTTGCT‘ITGCAAATATTTTT’ITATAACAGCIGGAAAATCACAAAAAT
AAATAGTCTATATATTTGCCCAATTAGAATCACTTTGCTTT CAATAAAAATCTAAATAACAACCTAAAAGTCCYTTGATTAGCA’IT
TTCCATCAATGAAATGGACGTTGAGGT‘I‘I‘A‘ITI‘TGATICTCACATGCACCGACCTGC‘I‘ATGTCAACAATTGAATACAAATI'I‘GTCC
CAGAGGAATI‘CAAAGGAAA‘I‘TTTTC‘I‘AGGCGATCTAATCITICCA‘ITACTCGGATTTGTI‘I'ITAAATATATAGAATAACTCAATCT
CTATGATAAAATAATAACACATACGTAAAGA‘I‘I‘TI‘I‘ACAAGACAAGATTGAAAACT‘I‘C‘I‘I‘AAAAGTACGTATAAAACATCATCTGT
A‘ITTATAATIGTTTAACATI‘I‘AACAAATAGCCCTACTAA‘ITGTGTTATGGAAATGTATAAATTGTCATTI‘AACATAACTTGTITGA
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GTTTATCATI‘A‘ITTGTTI‘ITGT‘ITGTTT‘ITACACAGTTGGCAAGCA'I’(-}TTGGCAAGGCGGCCC‘ITACGTAAGGACI‘TCTACCATCA
TTACTGTA‘I‘AA‘I‘I‘TTGATAGTATI‘ATCACCAGTAC’I’GTTATTGACAAC’ITCTCITGTCCTGCTGACTCTCTCCA‘I‘CCGACTCATCC
ATAGTGCTTACCTTGGCGACAAGCARGAACTCGACAAGCGCCGCAGTCGATCA

//

Winter Flounder WFX
TAATAAAACI‘AATGTGTAAAGTC‘ITCCACTTI'ITITACTGTATI‘I‘ACI'IAAACAGAAAATTATTCTCACGATICTGGAGC‘I'GCAGC
CACTAAGTG‘ITGCTTCATGAAGTGAATACACAATTGTI’CTAACAACCACI’CACCCAATTAACCAGAATC‘I‘ACAAAGTGAGGAAG‘I‘G
AGAGGAGTCGTCCTGTGITITCAAATTT‘ITTGAATGATCTACCACTATGTGAGCTCCTCCTGTTATAGCI‘CTAAATGTTACACAAT
GAATGTGAAGTCAGTIC‘IGTGTATATAAAGAG‘ITGCCTCTGTAGAGCATACAACAGA‘I’ITCACCI'I‘TGAATCTCACAAACCTCACT
TTGTA‘I‘TCGACAGGTAAGATCGATA‘ITI"ITCAAACTCATI‘TAGACGAGACCAAGTATITGGGAAATGTGCTCAGC‘I‘IGTCAATGTA
TAATGCAAATGTI‘AACAATCG‘L‘I‘TI‘G‘I‘TCTTATG‘I‘TGTGTITGTAGGATGAAG‘I‘I‘CGCTACTGCCTI’CCTGATG‘ITGTCCATGGTC
GTCCI'CATGGCTGAACCEGGAGAGTGTCG‘I‘I’CTACAGAGGACATCATCAAGTCI‘ATCTCGGGTAGAGTCCAGGAA‘ITAA‘ITATI‘AT
CAATAACAATGAAATAA@ACCAAAAGGCCTCTGA‘I‘TAGCATG‘I‘TCCITCAATGAAATGGTCGT‘IT’ITI‘ATCTATTI‘I‘GATTCTCA
CATGCAACGACCTGCTGCGGCAACATITGAAAATCAATCTHTTI‘ACACAAATI‘CAAAGTACA’ITGATTTA‘I‘ICGATTTAATC‘ITA
ACA‘I‘TAATCAGATTTGTI‘TTI‘GTTTAAATATATCGAATAACTGGATCTCTATGATAAAATAATTAAACATACATTC'I‘I‘A'I"I“ITACC
AATCAAGA‘I'I‘GAACACTI‘C‘I‘I‘AAAAGTACGTATAAAACATCATCTGTATGTATAA’I‘I’GTI‘TGATI‘GTTAAGTAATATTI‘CCAATAA
T‘I‘GTGI‘AATGGAAATGTA’ITAATTGTCATTTAATATAATTTGCITGAAMATCACCAIGTGITITITGTITGTI'HTAAACAGGT
GGAGG'I‘TTTCTCAATGCGTAAGGACTTC'I‘ATCATCATI‘AC'IGTGTAA'ITTITATAG‘]‘A’I‘I‘ATCATCAGTACTGTTA‘I'I‘AACAGCT‘I‘
CTC‘I‘I‘GTCTCACTGACTC‘I‘C‘I‘CCATCAGAATGAACGCCGGTI‘ACAATGAGCAGCAGGAGCTCAACAAGCGCTCAGATGATGATGAC
AGCCCCAGTCWAWGTMGAQGAAGAMTCGCC@GAAGGAGCMGATGATATANAWMQWGAAA
TARATCARAC

/7

Winter Flounder WFY and WFZ (alternative splice products from the same pseudogene)
GAGCTCGATCAAACCAGACAAAGTTGC@TCCTECACAACAATAGAGTGGAAGAGAAAACAGGAGAGGACHGTANCTCCMATG
CIGAGAAGAAGAAATAAGAAAGAGITGCAGCATI'GATACTT‘ITACTTATACAGAAAACCTATAAACATGACGGGAGCATAAGTI‘AA
AGTCAC‘AATACAGAAGAGAACCAGAAGCCAAACTGCAGCAAATITACTGGTATTCATATGATACTGGAGCCAAAGCAACGCAGAGA
CTCAGCAGCAG'IGAACCAAAGAGTTI‘AACTGTACITGTGTCCAGGTTGAATGAAAGTATIGAATAAAAAAAACCAAGACAGAACAT
GCATA'ITI“ITITGGAATGGAATATAAGTCAGGAGAATATGTG’ITGTTGTGGTGGCAGGATCCATCACTCTGTCAAG‘ITAACACAAG
AACTI"ITAGAAACATAGATACGATCTCAAGTAAACNCCATITACI‘A'ITTGACITETI‘TTAAATAC‘ITACAAATTATATYTTAAAA .
AGCAACAATAAATCAGAGATAAGTCATGGAGAAGTCTATATICATATITGIGAGCTGAACATTCATGCTGCCTGTTCTATCACAT
CTGAGTG'I'GGAGGCCACTGACG‘ITTACTGACCTCAACGTCI'ACCGCICTAATGCATTTGGAG‘ITAAAGGTAAGCATITTGTTA‘I‘IT
GTCT‘I'CACTGTATTGATACPAAATAmCAGGGﬂACAAATACAGTTAAAACAAGAGAGACGAGGTGTCGAAAGCITCAGCATbAAT
mﬂGATCG@GATMQGATCPYAmmACACCGGTGAmTGGCATCAAMTGAC@CGmﬂMWMTWA
GGACGAAGTI‘CGCTGCCGCCHCCTCGTGTNTFCANGTCATCGTCATGHTGAACCFGGAGAGTGMITTAGAW
CACGGGGTCCACCATGGTAGGGTCCCGGAAGTAA’I‘TTGATTATI‘ACATGCCAAATATTTI‘AATGAAACATACCTTATGAGTAGTYG
TA'ITATTI‘GGACAAGTAGAATCI‘CTATGATTTCAGTAGTAA’I‘I‘AGAATAACAATCAAAAAGGCCTTIGA'ITAGCATGTITCTTCAA
TGAAATGGACATTGAGGTITATITTGATTCYCACATGCTACAGCAACAATTGAAATCAAATHTICGCAGAAGAAACI‘TAATTAAC
A'I‘I‘GTTGTGCAATAGTGCT‘I‘AAAAAGTG‘I‘I‘ACCATGGAATGGTGTGCGTITAGGCACTCAATAAAT‘ITGGTI‘ATCAAAATTAAATT
AAAAAAATTAATATTTAAAATATPAATATTAAATCATAACHTAA’ITG‘ITTAAAGTIC'I‘CGCGGGGAACCACCCTI‘C‘I‘I‘C‘I‘GAAGG
TAAAGGATAGCCAATI'TATI’GA'ITAAGATCAGTCTCATTI‘AGATCI‘AGTTCAAATAGAAATCTCAATA‘ITITACCATCGAAGATIT
TATAATGAACAGTGAAGGTTATGGAGTI‘CTAAAC'.AGTGTAACAGTTGGCAAAGTI‘CACTATI'GCAATATTAATGACAGACCATI‘I‘G

TGAAAGAAGAACATITATI‘ATGAGCATAATAAAGTATGAAAGCACGAA'I‘TACTAAACAATCAAAGCTAACTAACAAGGACGTGT_GT
GEETETGTCTGTGARATGTAAATAAGGCGEECECT CARACTGGTGGCCTACARGAAGAGCCTTAAGATAGCARCCACARGGGCTGTA
CCATAAATGTI‘GTAGTAAAAAGAG‘ITATTAAAATGAGTTAGAATAACTAATGACTAA‘I'I‘AGTAGACAAACI‘AGTAGACAAAC‘I‘AAA
CAAC'I‘AACAATAACAAGGAAGTGTGTGTGAGTGTG'ITTGTGTGTAAATGTTAA‘ITAGGGGCTCICAAACTGGTGTCTIACCAGAAG
AGTAAGATAACAATI’CCCCCCCPTCYICTGAGGTTGTTITACGACTGTTGCITTATGGCCGTGAGGGAAGGTHAACTCGGTGACA
TGCTATACGTGTCTGTGTAGATG‘ITAATCAGAGAATGCCAGAGTCAGAGAGACC'I‘ACGGAGGAAGTCTGTGAAGGGCCI‘ATCTAAC
ATTAGCTTTCCTTI‘AACTI‘ATAACACAATATCAGAAACACATATCAACCTTATAAACACACACAGAATCAAATAAACAGTCT‘I‘GCT
'I'AGCATGTATAATI'A‘ITAAGCCCAGATPATGITACCAGTCCGAGGGAAAGAGTTCAGTTGCAGTYCTGTGACGTCTCCTGGC‘I‘I‘I‘G
TGGTCGTAGAG‘ITCTGCATI‘CGCGATI‘CIGTCGAGCCGTGTGCTCAGATGCAGGTI‘GAAG‘I‘TCTCC‘I‘GCAGGACATCGCGTCGCTG
CGAGGATTITGTAGAGC’I‘I’GAAGGGCGAGGAGA’I’ITCC’ITGAGTGGTGAGCTGGAAGC’IGGACCTCTGACCTCTGGTTG‘ITGGTTG
GAAGAGAAGAAAGCTGGAGCGGCGTGG’I‘TTCI‘CCCTCTAGCCGATGCAGGAGGAGAAGCCGGCAGCCCCACTCCTI‘GAAGAG‘ITGT
GGAGAGAGATGGGAGCAAAGAGCTAGAT'I"I‘TGGGGAGACCTC'I’CC'I‘I‘ATA‘ITGGCCCCGATGACCTCACAGGCCTTGGAACGGAGT
GACCAATAGGAGTI‘GACCCI‘GGTAATTCTIGACACCTTTGTGGGACATTGTCAAGACCCCAGGACATGCAGCATCCTGTTACAATC
TGGGAGACGGAGTTCC‘ITGACTGTCTCAGAACAATGAGAACCTGTGGCATCTTGGGGGATTGAGTCCACTCGAGCACATGCGGCAT
GTI‘I’GTTCCAAG'ITI‘GAC’I‘GAAAGGAGGCCTGTGGT'ITGCACAAAAACCATGTCCCAACAACATI'ITC'I‘AGGCGA‘ITTAATC‘I'ITA
CATADATTGGATTTCTTTTAARARATATATAGAATAACTCGATCTTT CTGCGTAAATAATAAAAAATAAATTCARATTTGACCAGT
CAAGATTGAACACTAA’IGAAAAGTACC‘I‘ATAAAACATAATCTGTATGTATAGTTGTTTGACTGTTAAATAGTAGTCCTAACAATTG
TGTAATGGAAATGTATICATI‘GTCTTI“I‘AATACTATTI‘GCTTATCATAATGTG‘I‘I‘TG‘ITI‘GTI‘ITI‘TAGCAGGTGGAGGTTATCTC
AATGCGTAAGGACTTCTACCATCATI‘ACTGTGTAATI‘GTATTAGTTI‘TATCATCAGTACTG’I‘I‘A’ITGACAACGTCTC‘I‘I‘GTC’ITGC
'I'GAC‘I‘TGACTCTC‘I‘I‘CATCAGATTAAACCCAGGGCCGGTTACAATGAGCAGCAGGAGCTCGACAAGCGCGCAGTCGATGACAACCT
CAGTGCTATTG'I‘I‘I‘I“I‘I‘AC‘I‘GAAGAAGTCGACCTGAAGAATCITTTGAAATGATATGAAATGT?TGCCTTTCAATGAAATAAATCA
AACATGACTGGATAT‘ITGTI’C‘I"ITTGCATTGATGTATTGTTGAGTGACAG‘I'I’GAATAATT‘I’I‘GGAAAACTI‘ATAACAGATCTCAAT ’
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TTTAGGATGTCAAATCATTTCTCTGTGTCTTATTCAAATATGAGATTTAACAATGACAAT

/! '

American plaice AP1

GCCCACTTTGTATTCCCAAGCTARGATCAATATTTTTCAARTTCATT TAGACGAGACCARCCGTTTGCCARATGTGCTCAGCTTGT

TATTGTATAATAACAAAGTTARCGATCTTTATT TTTCTGTITTTTTGTAGAATGAAGT TCACTGCCACCTTCCTGATGTIGTTCAT

CTTCGTCCTCATGGTTCGARCCTGGAGAGTGTCGATCGGAAARGTCTGTTTCGTAAGGCTAAGARRGGTAGAGTCACGGAATTAATTA

GOTTTTTACATIGCAAATAGATTTTTTATAARCAGCTGGAAAATCACAAAAATAARTAGT CGATATATTTCGCCAATTAGRATCACT

TTAATTTCAATAATAATCTAAATAACAACCTAAAAGGCCTTTGATTAGCATGTTTCTTCAATGARAATGGACATIGAGGTTTATTTT

GATTCTCACATGCACCGACCTGTGCGGCAACCATIGAATTCAGATTTGTCCCAGAAGAATTCARAGTACATTTTTCCAGGCGATTA
| ARTCTTTCCATTACTCAGATTCAAAAATAAATAANTGGAATAATTGAAGCACTATGATAAAATAATTACACATTCACTCTGACTTT

ACAAGTCAAGATTGAACACTATTAAAAAGTGTGTATAAAACAACATCTGTATGCATAATTGTTTAACTGTTAATAGTCCTAATAAT

TGTTTTATGGAAATGTATTAATTTACATTTAATATTATTTGCTIGAGTTTACCATCATGTGTTTTTGTTTGTTTITACACAGTTCG

CAAGACTATTCGCGECTTGGCCCTTEGAGTARGGACTTCTACCATCATTACTGTATAATTTTGATAGTATTATCACCAGTACTGTTA

TTAACTACTTCTCTTGTCTGCIGACTCTCTCCATCCGACTCATCTGCAGTCATTACCTTGGCGAGCAGCAGGAGCTTGACAGCECE

CAGTCGATGAGGACCCCAGTGCTATTGTCTTTGACTGAAGAAGTCGCCTTGARGGAG

// '

American plaice AP2
ACTTTG‘I‘ATI‘CGCAAGGTAAGATCAATA‘I‘TT’ITCAAATICATTTAGACGAGACCAACCGTTGGCGAAATGTGCTCAACTI‘G‘ITATI’
GTATAATAACAAAGTTAACGATCTTTATTTTTCTGTTTTTTTGTAGAATGAAGTTCACTGCCACCTTCCTGATGTIGTICATCTTC
GTCCTCATGGTTGAACCTCGAGAGTGTGGATGEAAAARATGEGTTTAATAGGGCTAAGAARGGTAGAGT CACGGAATTAATTAGCTT
TTTACATTGCAAATAGATTTTTTATAACAGCTGGAAAATCACAAAAATARATAGTCGATATATTTGGCCAATTAGAATCACTTTAA
TTTCAATAATCTAAATAACAACCTAAAAGGCCTTTGATTAGCATGTTTCTTCAATCGARATGCGACATIGAGGTTTATTTTGATTICTC
ACATGCACCGACCTGTGCGGCAACCATTGAATTCAGATTTGTCCCAGAAGAATTCAAAGTACATTTTTCCAGGCGATTAAATCTIT
CCATTACTCAGATTCAAAAATAAATAMATAGAATAATTGAAGCACTATCGATAAAATAATTACACATTCACTCTGATTTTACAAGTC
AAGATTGAACACTATTAARAACTCTGTATAGAACATCATCTGTATGTGTAATTGTTTAACTGTTAATAGTCCTARTAATTGTITTA
TGEAAATGTATTAATTTACATTTAATATTATTTGCTTGAGTTTACCATCATGTGETT TTGTTTGTTTTTACACAGTIGGCAAGACT
GTI’GGCGGC'I“I‘GGCCGTIGAGTAAGGACTTCTACCATCA'I‘I‘ACTGTATAATTI‘TGATAGTATI’ATCACCAGTACTGTTA’I‘I‘AACTA
CTTCTCTTGTCTCGCTGACTCTCTCCATCCGACTCCTCTCCAGTCATTACCTTGGCAAGCAGCCGGAGCTCEGACAAGCGCGCAGTC
GATGAGGACCCCAGTGCTATTGTCTTTGACTGAAGAAGTCGCCTTGAAGGAGCCTTCAGAA

//

American plaice AP3 .
TIGCCCAC‘I‘I‘TGTATTCGCAAGGTAAGATCAATA’I‘ITITCAAA’I‘I’CATTYAGACGAGACCAACCATITGGGAAATGTGC’I’CA‘GC‘I‘I’

GTTACTGTATAATGCAAAAGTTAAGTATCTTTATTTTTCEIGTTITTTTTTGTAGAATGAAGTTCACTGCCRACTTCCTCATGTTIGT
T@TMCGNWQWMGMC@GGAGAGTGNGWGGCGAACAWAAMAAMGGTCACGGAAMATA&CMP
ACATTGCAAATAGATITI‘ITATAACAGCI‘GGAAAATGACAAAAATAAATAGTCGATATA'I'ITGGCCAATTAGAATTA’I‘I‘ITGA’ITI'
CAATAATAATCTAAATAACAACCTAAAAGGTCTTTGATTAGCATGTTTCTTCAATCGARATCGACATTGAGGTTTATTTTGATTCTC
ACATGACCGACC'I‘GCTGCGGCAACAATTGAATTCAGAT’ITGTCCCAGAAGAATTCAAAGTAAAT‘ITPCCAGGGGATTAAATCPITC
CA‘I'I‘ACTCGGAT‘I‘TAAAAAAAAAAAAAATAGAATAACTGAA‘ITGCCATGAAAAAATAATI‘ACACATACI‘GTCI‘GATI‘ITACAAG‘I‘C
AAGATI‘GAACACTACI‘TAAAAGTATGTATAAAACATCATC‘I‘GTATGTATAATTG‘ITI‘AAC‘]?G’ITAACAAATAGTCCAAATAATTGT
GTTA’I’GGAAATGTATI‘AATIGTCA’ITAAATA‘I’AA’ITTGCI‘TGAGTITATCATCATGTGT’ITITI‘I‘TTTI‘T’IT‘ITACACAGAGGTI‘A
AGAC‘I‘G‘I"I‘GGCAAGTTGGCCCITAAGTAAGGACI‘I‘CTACCATCATTACTGTATAATITTGATAGTA’ITATCACCAGTAC‘I‘GTAGTA
CTGACAACTTCTCICT CCACCCAACTCATCCGCAGACATTACCTTGGCARGCAGCCGGAGCTCGACAAGCGCECAATTGATGACGA
CCCCAGTATTATTGTTTTTGACTCARGAAGTCCGCCTIGARGGAGCCTTCAGAA

//

Witch Flounder GeSc4Cs
ATGAAGTTCAC'I‘GCCACCT'I‘CCTCATGATGTI‘CATGGTCGTCCTCATGGCTGAACCCGGAGAGGCTGGTK%GGGAAGTATTTTCAA

ACATATTTTCAAAGCTGCAAAGTTCATCCATGGTGCGATCCAGGCACACARTGACCECCGAGEAGCAGGATCTCGACRAGCGCECAG
TCGATGA

//
Witch Flounder GcSc4B7
ATGAAGTTCACTGCCACCTTCCTGGTGCTICTL CATGGTCGTCCTCATCGCTGAACCTGGAGAGGGTITTTGCGGARAGCTTTTGAA

ATTGGGCATGCATEGAATCEGECTECTCCATCAGCATTTGGGTGCTGACGAGCAGCAGGAGCTCEACGAGCCCTCAGAGGAGCACE
AGCCCAATGTTATTGTTTTTGAATGAAGAAGTCGCATTGAAGGAGCCTTCAG
//

Witch Flounder GC3.8
ATGAAGTTCACTGCCACCTTCCTGGTG‘I'I‘G‘ITCATGGTCGTCCTCATGGCTGGATCCGGAGAGTGTGG’ITGGAAAAAGTGGCTCCG

TAAAGGTAGAGTCATGGA‘I“I‘TAATTTGC‘I'I‘TI'I'ACA‘I‘I‘GCAAATACTI‘I‘AATATAACATAG‘I‘I’GGAAAACCACAAAAATAAGTAGT
CGATATAT‘I‘TGGCCATATAGAATCACTITGA‘I‘ITCAATAATAATCAAAACAACAATCAAAAAGCCCA'ITGA'ITAGCATGTCCC'I‘I‘C
ACTAAAATGGACATTGTAAT’ITATTTTGATI‘CTCACAGGCACCAACCTGCTGCGGCAACAA‘ITGAAATCAAATITGTCTCAGAAGA
ATTCAAAGTACATI‘G’I‘TCTAGGCGA'I‘TTAATC'I"ITCCATTCATCGGATCTG'I‘ITTIAAAAATATAGAATAACTGGATCTCTATGTI'
AAAATAATAAAACACACATTCTGATTTTACCTGTCAAGA'ITGAACACGACTTAAAAGTATGTATAAAACATCATC‘I‘GTATGTATAA
TTGTI‘TAACI‘G'I'CAACTAATAGTCCAAATAATTGTGTTATGGAAATGTATTCATI‘GTCATATAATATCATTTGCI‘TGAA’ITI‘ATCA
CCATGTGTTITI’GTTTGTITPPACACAGGTGCCAAGCACCITGGCCAGGCGGCCA’ITAAGTAAGGAC’I‘I‘CTACCATCA’ITACI‘GTG
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TAATTTTAACAGTATTATCATCAGTACTGTTATTGACAARCTACTCTTGTCTCIGTTACTCTCTICCAGGGCTTTGEGCCTCTTGCGAA
GAGCAGCAGGAGCTCGACAAGCGCTCAATCGATGACGAGCCCAGTGCTATIGTTTTTGACTGAAGAAGTCGCCTTGAAGGAGCCTT

CA

i

Witch Flounder GC3.2
ATCAAGTTCACTECCACCTTCCTGETCTTCTTCATCGTCGTCCTCATGGCTGCGATCCGGAGAGTGTGGTTGGAAAAAGTCGGTTCAC
TAARGGTAGAGTCATCGEATTTAATTTGCTTTTTACATTCGCAAATACTTTAATATAACATAGCTGCGARRATCACAAAAATAAGTAGT
CGATATATTTGECCATATAGAATCACTTTGATTTCAATAATAATCAARACAATAATCARARAGCCTATTGATTAGCATGTTCCTTC
ACTAAAATGCACATTGTAATTTATTTTGATTCTCACAGGCACCAACCTGCTGTGGCAACAATTGAAATCAAATTTGTCTCAGAAGA
A'I'I‘CAAAGTACATTGT‘I‘CTAGGCGATITAATCTI‘_Z_[‘CCA‘ITCATCGGATI‘I‘GTITTCAAAAATATAGAATAAC‘I‘GGATCTCTATGTT
- AMAATAATAAAACACATTCTGATTTTATCIGTCAAGATTGAACACGACTTAAAAGTATGAATAAAACATCATCTGTATGTATAATT
‘ITI‘I'AACTGTCAACTAATAGTCCAAATAA’!‘I‘GTGTI‘ATGGAAATGTATI‘CATTGTCATATAA’I‘ATCATI‘TGC‘I‘I‘GAATTTATCACC
ATCTGTCTITGTTTGCTTTTITACACAGCTGAAAGGTTATCCCAGAGGTAAGGACTTCTACCATCATTACTGTATAATTTTAATAGTA
TTATCATCAGTACTGTTATTCGATAACTTCTCTTGTCTCGCTGACTCTICTCCATCAGGCATTTCCGCTGACGTCCGAGCAGCAGGAGCT
CGACAAGCGCTCAGTCCATCACGAGCCCAGTTCTATTGCTTTTGACTGARGAAGTCGCCTTGARGGAGCCTTCAG

/7
Halibut HB26
TTATGAAGTTCACTGCCACCTTCCTGGTGTTGTTCATGGTCGTCCTCATGGCTGAGCCTGGAGAGTCTTITTTGGGATTGCTTTTT

CACGGGETCCACCATGGTAGCGTCACGGAAGTAATTCCGATTTTTACATGGCARATATTTTAAGATAACACACCATATGAGTAGTCE
ATATATTTGACCAATTAGAATCACTTTAATTTCAATAATAATCACAATAACAATCTCTAGGCCATTTAATCTTTCCATTAATCGGA |
TTTGTTITTTTAAATATAGAATAACTCGATCTCTATGTTAAAATAATAAAACATACATTCTGATTITACCAGTCAAGATTGTACGC
TACTTAAAAGTATGTATARAACATCATCTGTATGTATAATTGTTTAACTGTTAACTAATAGTCCAAATAATTGTGTAATCGAAATG
TATTAATTGTCAT T TAATATCATTTGCTTGAATT TATCACCATGTGTTTTIGTTTGTTTTTACACAGTTGGAAAGTGCATCCATGG
GTAAGGACTTCTACCATCATTACTGTGTATT TTTAATAGTATTATCATCAGTACTGTTATTGATATTTTCTCTTGTCTCGCTGACT
CTCTCCATCAGACTCATCCATGECCATCACGGTTACGACGAGCAGCAGGAGCTCGACAAGCGCCGCAGTCGATGAAR

//
Halibut HB18
TTATGAAGTTCACTGCCACCTTCCTGCTCTTIGCTTCATGGTCGTCCTCATGGCTGAACCTGGAGAGEGGTTTTTTCCGAATTCTITIT

CACGGCEGTCCACCATGGTAGAGTCACGGAATTAATTCCATTTTTACATGGCAAATATTTTAAGATAACACACCATATGAGTAGTCG
ATATATTTGACCAATTAGAATCACTTTAATTTCAATAATAATCACAATAACAATCTCTAGGCCATTTAATCTTTCCATTAATCGGA
TITGTTTTTTTAAATATAGAATAACTGGATCTCTATGTTARAATAATAAAACATACATTCTGATTTTACCAGTCAAGATTGAACAC
TACTTAAAAGTATGTATAAAACATCATCTGTATGTATAATTGTTTAACTGTTAACAATAGTCCAAATAATTGTGTTATGGAAATGT
ATTAATTCTCATTTAATATCATTIGCTTGAATTTATCACCATGAGTTTTITGTITGTTTTTACACAGGTAGARAGAAGGCCTTGCA
GTAAGGACTTCTACCATCATTACTTTGTAATTT T TATAGTATTATCATCAGTACTGTTATTGACAACTTCTCTTGTCTCGCTGACT
CTCTCCATCAGCGATCAACTCAGAGCGTCGCAGTTACCACCAGCGGCAGCAGCAGCAGCAGGAGCTCGACAAGCGCCGCAGTCGATGA

AA

//
Yellowtail Flounder YT1
GCCCACTTIGTATTCCCAAGCTAAGATCGATATTTTTCAAACTCATTTAGACGAGACCAAGCATTTGTTGAAATGTGATAAGCTTC

TAAC'I"I‘TATAATGCAAATGTTAACAATCNHTGWCTGNGTTHTGTAGGMGAAGWGGCTGCCGCCHCCTGGTGCTGNCC
- PEETCGTCCTCATGGCTEGAACCTGGAGAGCETTTCTTGCGATTTCTTTTTCACGGTATCCACCATGGTARAGTCACTCATTTAATA
CA'I‘I‘I‘I‘I‘ACATGGCAAATA’I‘I‘TGAATATAACATHC‘I‘ATATGAGTTGTCAATATATGTGGCCAAGTAGAAGCACTITGATTTCAATA
ATAATCAAAATAACAATCACTAAGCCATTTAATAATTGAATTAATTACATTTCGTTTTAAAAARAATATAGAATAACTGGATCTTTAT
GCTAAAATAA'I‘TAAACCTAAATTCAGATT‘ITACCACTCAAGATIGAACACFACTTAAAAGTATGTAAAAAAAACATCATGIGTATG
TATAATTAAATACTAGTCCAGTTAATTGTTITATGGAAATGTGTTAATTGACATATATCATTTGCTTGAACTTATAATGTGCTTIG
TTTGTTITTACACAGETATCAGCCCCATCCATCAGTAAGGACTTCTACCATCATGACTGTGTATTTTTAATAGTATTATCATCAGT
ACTTTTATTAACAACTTCTCTTGTCTCGCTIGACTCTCTCCATCAGTCTCATCCATGGTCARAAGATACGACGAGCAGCAGGAGCTTG
ACAAGCGCTCAGTCCATCACAACCCCCGTEGCTATTGTTTYTGACTGAAGACGTCCGCCTTGAAGGAGCCTTCAG

//

Yellowtail Flounder YT3
ATGAAGTTCACTGCCACCTTCCTGETGTTGTCCATCGETCGTCCTCATGGCTGAACCTCGAGAGCGTTTCTTTGGAGCCCTTATCAA
AGGGGCCATCCATGETCCCAAGTTGCTCCATARACTCATCAAAARRAAACATCAACATCACCGGTTATGGCARGCATTGGCCEGCTTG
ACAAGCGCGCAGTCGATGA

//

Winter Flounder WF-YT
TTGAAAGTCGACGAAGTCAGAGGAGCACTAGETCCTGTGTTITTCAGTCGTTCGAATTATCTAARCACTATCTGAGCCCCTCCTGCAATA

ACTCTARATGTTACACAGTGACTAGGAAGTCAGTCCTGTGTATATAAAGAGTTGCATCTGTTGTTATCAGTAGACARCAGATTACA
CCTTTGARTCTCACAAAGCTCATTTTGTATICGACAGGTAAGATCCATATGTTTCAAACT CATTTAGATGAGACCAAGCATTTGCE
ADATGTGCTCAGCTT! CTAACTGTATGATGCAAATGTPAACAATCTTPITGTPCTGTYGTI'FEGTAGGA’PGAAGTIGGCTGCCGCC'I‘
TCCTEGTIGECTGTTCCTAGTCGTCCTCATGGCTEGAACCTGGAGAGAGTTTTTTEGEATTTCTTTTTCATGGTATCCGCCATGGTAGG
GTCACTGAATTGATACATTTTTACATGGCARATATTTGAATGTARCATACTATATGAGTTGTCAATATATGTGGCCARGTAGRAGC
ACTTTCATTTCAGTAATAATCARAATAACAATCACTAGGCCATTTAATAATTGCATTAATTACACTTGTTTTTATATAGAATATAG
AATAACTGGATCITTATGCTAAAATTAATAAACATGARTTCAGATTTTAAGATTTTTCAAGATTGANAACTACTTARAAGTATGTA
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AAAAAACATCATCTGTATGTATAAT‘I‘AAATAC’ITGTC'CAGATAATI‘GTGTTGTGGAAATGTG‘ITAATI’GACATATATCA‘ITTGCTT
GAATT’I‘ATCATTATCTGC’ITTG'ITI'GTI‘I‘TTACACAGGTATCAAGGCGATCCATGGGTAAGGACTPCTACCTTCATGACTGTGTAT
'ITITAATAGTATTATA’ITCAGTACTG‘ITATTGAAAACTTCTCTTGTCTCGCTGACTCTCTCCATCAGAATGATCCATGGTAACAGT
‘ITAGACGAGATGCAGGAGCTCGACAAGCGCTCATTCGATGACAACCCCAACGCAATTGTI"ITTGAC‘IGAAGAAGTCGCCCI‘GAAGG
AGCCTTCAGATGATATATAATGCTT CTIGCTTTTCAATGARATAAATTGAATAATTACCCGCAACAGC

//

Winter Flounder WF1l-like
TAC‘I"I“I“I‘ATCTACCACTATGTGAGCTCCTCCTG‘ITATAACTCTAAATG‘ITACACAATGAAGATGAGGTCAATTC‘I‘GTGTATATAAA

" GAGTTGCCTCTGTATAGTAGACAACATATTTCACCTTIGAATCCCACAAAGCTCACTTTGTACT CAACAGGTAAGATCGATATTTA
AAAACTAATI"J.‘AGACGAAACCAAGCATPITGGGGAATITGCTCAACTPCTAAATGTATGATACAAATGTTAACAATCTT‘I“I‘A'I’TI‘C
TETTGTTGTTTITIGTAGCATGAAGTTCACTGCCACCCTCCTCCTGTTGTTCATCTTCGTCCTCATGETTGATCTCGGAGACGETC
GTCGTARGAAARAGGGGTCCAAGAGARAAGCGGTCCARGEGGAAAGGCGETCCAAGGEAAAGCGCAGGTGETTGGACAGCATTGETARA
GGTAGAGTCACGGAATTAATTTGCTTTTTACATTGCARATATTTTTCATATAACATTGCTCCARAATCACAAAAATAAGTAGTCAR
TATATTTGGCCAAATAGAATCACTT TGATTTCAATAATAATCARAATAACAACCTAAAAGGCCTTTGATTAGCATCTTCCOTTCAAT
GAAATGGACATTGTAATTTACITTGATTCTCACATGCTACGACCTGCTGCAGCAACATTTGAAAATAAATTTGTCCCAGARGATTT
TAAAGTACATTGTTATAGGCGATTTATCTITCTATTACT CAGATATTTGTTCAAACCAATAGAATAACTGGATCTCTATGCTARAAA
TAATAAAACACACATI‘CAGATGTTACCAGTCAAGA‘ITGAACGCTGTITAAAAGTAAGTATGAAACATCCTCTGTATGTATAATI‘GT
'ITAAC‘I‘GGTAAC‘ITATAGTCCTAATAATTGCG'I'I‘ATGGAAATGTATTAA‘I'I‘GTCAT’ITAATATAATITGCTGGAATI‘mTCACTGT
GIGTTTITGTTTGTTITTACACAGCTGGCGGGATAATTATCEGGEGGECCCCTTCAGTAAGGACTTCTACCATCATTACTGTGTAAT
A'ITTATAG'ITATGATCAGTACAGTI‘ATTAACAACTI‘CTCTPGTCTCGCTGAAC‘ITCTCCATCAGTCACCTCGGGCAGGGGCAGGTG
CAGGGGCCGGATTACGACTACCAGGAGGGGGAGGAGCTCAACAAGCGCTCAGACGATGATGACAGCCCCAGTCITA‘I‘ITITITI‘GA ’
CTGAAGARGTCGCCCTGAAGGAGCCTTCAGATGATATATAATGCTTCTGECTTTTCATTGAAATAAATAATACGTTTACCTGCAAC
AGCAACCATG
//

Halibut Hb29
TTATGAAGTTCACTGCCACCTTCCTGGTGTTGTTCATGGTCGTCCTCATGGCTGAACCTGGAGAGGGTTTCEGAAATTCGATCAGE
CCCCATATCAGCGGTAGAGTCACGGAATTAATTIGCTTTTTCCATTGCAAATATTTTAATATTGCATAGCTCGARAATCACCARAT
AAGTAGTCGATATATTTGGCCAAATAGAATCACTTTGATTTCAATAATAATCAAAATAACAATCAAAMAGGCCT TTGATTAGCATG
TICCTTCAATAAAATGGACATTGAAGTTTATTITGATGCTCACATGCACCGACCTGCTGCCGCAACRATTCAAATCAAATTTGTCT
CAGAATTTAAAGTACATTTTTCTAGGTGATTTAATCT TTCCATTAACT TGATTTGTTTTTATAAATATAGAATAACTGGATCTTTA
TGCCAAAATAATAAAACAGACATTCTGA’IT’ITACCAGTCAAGATTGAACACTACI‘I’AAAAGTAATATAAAACATCATCTGTATGTA
TAATIGTTTAACTGTTAACAAAAGTCCAAATAATTGTGTTATGCGAAATCTATTAATTCTCATTTAATATCATTTGCTTCGAATTCAT
CACCATGTGTITTTTGTTTGTTTTTACACAGGTGAAAAGAAGGCCTTGCAGTAAGGACTICTACCATCATTACTTTGTAATTTTTA
TAGTATTATCATCAGTACTGTTATTGACARCTTCTCTTGTCTCGCTGACTCTCTCCATCAGGATGAACTCAGAGCETCECAGTTAC
GACCAGCGGCAGCAGCAGCAGCAGGAGCTCGACAAGCGCCCAGTCEATGA

/!

Halibut HbSc1A13

ATGAAGTTCACTGCCACCTTCCTGGTGTIGTTCATGGTCGTCCTCATGGCTGAACCTGRAGAGECTTTCCEARATTECATCRTECG
CCCTATCGGAGGTGAAAAGAAGGCCT‘I'GCAGA'IGAACTCAGAGCGTCGCAG‘I‘I‘ACGACGAGCGGCAGCAGCAGCAGCAGGAGCTCG
ACAAGCGCGCAGTCGATGARA
//

Halibut HbScla24

ATGAAGTI‘CACTGCCACC‘I‘I‘CCTGGTGTTGTTCATGGTCGTCCTCATAGCTGAACCTGGAGAGAGTCTITI‘TGGAAAGTI‘CCTCAA
GAAAGTTGTCCATGCTCGCACGTCAATTCGCGAGACAGCCTTGCATGTCGCCGCAGAGCATCACGEECTTCATGCGCATCACGGAET

. GTCACGGGCGTCACGGGGGTCACAGGCGTCACGGGGGTCACAGGCGTCACGGGCGTCGCGGTTACGACGAGCAGCAGCAGGAGGAG
CTCGACAAGCGCGCATTCGATGA
//

Halibut HbSc1B34
TATGAAGTTCACTGCCACCTTCCTGETCTIGTTCATCGTCETCCTCATGGCTGAACCTCEAGAGGRETTTGECARATTCGATCGEERC
CCCATATCAGCGGTAGAARGAAGGCCTTGCACATCGAACTCAGAGCGTCGCAGTTACGACCAGCCECAGCAGCAGCAGCAGGAGCTC
GACAAGCGCGCAGTCGATGARA

//

. Halibut Hb17
ATCAAGTTCACTGCCACCTTCCTGGTGTIGTTCATCGTCGTCCTCATGGCTGAACCTCEAGAGTEGTT T TTTGCEATTGCTTTTTCA
CGGGGTCCACCATGGTAGGGTCACCGAAGTAATTCCGATTTTTACATGGCAARTATTTTARGATAACACACCATATGAGTAGTCGAT
ATATTTGGCCAATTAGAATCACTTTGATTTCAATAATAATCARAATAACAATCTCTAGGCGATTTAATATT TGCATTAATTGGATT
TCTTTTTAAAAATATAGAATAACTGGATCT T TATGGTAAAATAATTAAACATACATTCTCGATTTTACCAGTCAAGATTGAACACTA
CTTAGAAGTATGTATAAARCATCATCTGTATGTATAATTGTTTAACTGTTAACGAATAGTCCAAATAATTGTGTTATCGCAANTGCTA
TTAATTGTCATTTAATATCATTTGCTTGAATTTATCACCATGTGTTTTIGTT TGT TTTTACACAGTTCGARAGTTCATCCATGGGT
AAGEGACTTCTACCATCATTACTCTGTATTT T T AATAGTATTATCATCAGTACT AT TATTGACAACTTCTCTTCTCTCGCTGACTCT
C’l‘CCATC!AGACTCATCCATGGCGGTTACGACGAGCAGCAGGAGCTCGAC'.AAGCGCGCAGTCGATGAA
/!

Witch Flounder GC1.2
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GCCCACTTTGTATTCCGCAAGGTAACGAGCCATATATTTCARATTCATTCGGATCGAGACCAAGCATTTGCGAAATGTGCTCAGCTTGT
TACTGTTTAATGCAAATGTTARCAATATCCTTTTTCTGTTGTTITTGTAGAATGAAGTTCGCTGCCGCCTTCCTCATGATCTTCAT
GGTCETCCTCATCGCTEGAACCCCEAGAGECTCCTTCGGGAACGTTCTTCAAACATATTTTCARAGGTAGAGTCACAGAATTAATTT
GCTTTTTACATTGCAAATATTTTCATATAACATAGCTGCGAAAATCACAAAAATARGGECTTCATATATT TGGCAARGTAGRAATCCC
TTTGATTTCAATAATAATCAAAATAAAAATCAGAAAGGCCTTTGATTAGCATGTTCCTTCAATAAAATGGACATTGTAGTTTATTT
TGATTCTCARATGCACCAACCTGCTGCGGCAACAATTCGARATCAAATTTGTCTCCCGARACATTTARAGTACATTTTTCGAGGCAAT
TTAATCTTTCCTTTGATCGAATTCGTTTTTAAAAATATAGAATAACTGCGATCTTTATGCTARAATAATAAATCATACATTCTGATT
TTACCAGTCAAGATTGAACGCTACTTAAAAGTATGTATARAACATCATCTGTATGTATAATTGTTTAACTTTTAACTAATAGTCCT
AATAATTGTGTTATGGAAATGTATTCATTGTCATTTAATATCATTTGCTTGAATTTATCACCATGTGTTTTTGTTTGTTTTTACAC
AGCTGCAAGGTTCATCCATGEGTAAGGACTTCTACCATCATTACTGTGTATTTTTAATAGTATTATCATCAGTACTGTTATTGATA
ACTTCTCTTICTCTCCCTCGACTCTCTCCATCAGTGCGATCCAGGCACACAATGACGGCCAGCAGCAGGATCTCCACAAGCGCTCAGT
GGATGATGAGCCCAGTGTTATTGTTTITGAATCGAAGAAGTCGCCTTGAAGGAGCCTTCAG

//

Witch Flounder GC1.3
GCCCACTTTCTATTCGCAAGGTAAGAGCAATATATTTCAAATTCATTTAGACGAGACCAAGCATTTGGGATCTGTGCTCAACTTGT
AACTGTATAATCCARATGTTAACAATATTICTTTTTCTGTIGTTTTTGTAGAATGAAGTTCGCTGCCGCCTTCCTCATGATGTTCAT
GGTCGTCC'I‘CATGGC‘I‘GAACCCGGAGAGGGTGCTTGGATACC‘I‘GCC'ITGAATAGGATCTATCATGGTAGAGTCACAGAGTTAA’I‘IT
GCTTTTTACATTGCAAATATTTTAATATAACATCGCTGEGAAAATCACAAARATGAGTACTCGATATATTTGGCAAAGTAGAATCCC
TTTGATTTCAATAATAATCAAAAACACAATCAAAAAGGCCATTGATTAGCATGTTCCTTCAATGAAATGGACATTGTAGTTTATTT
TCATTCTGACATCCACCAACTTGCTGCCGCAACAATTGAATTCAAATTTGTCTCAGAAARATTTAAAGTACATTTTTCETTCCATT
AGTCECATTTCTTTTAAAAAATACAGRAATAACTGCGAT CTTTATGCTAARATAATAAATCATACATTCTGATTTTACCAGTCAAGAT
TGAACGCTACTTAAAAGTATGTATAAAACATCATCTGTATTGATAATTGTTTAACTTTTAACTAATAGTCCTAATAATTGTGTTAT
GGAAATGTATTCATTGTCATTTAATATCATTTGCTTGAATTTATCACCATGTGTTTTTGTTTGTTT TTACACAGCTCTACTGAGGA
TCAATCGGTAAGGACTTCTACCATCATIACTGTGTAATTTTAATAGTATTATCATCAGTACTGTTATTGATAACTTCTCTTGTCTT
GCTGGCTCTCTCCATCAGCCARAATGGTCTATTATCGTCCECACTGECACCCTGACGTCGAGCAGCAGGCTCTCCACARGCGCTCAG
TGCEAGGACCAGCCCAGTTCTATTGCTTCTGCCTGAAGAAGTCGCCTTGAAGGAGCCTTCAG

//

Witch Flounder GC1.4
GCCCACTTTGTATTCGCAAGGTAAGAGCAATATAT‘ITCAAATTCA'ITTAGAOGAGACCAAGCATTIGGGATCTGTGCTCAACTI‘GT

AACTGTATAATGCAAATGTTAACAATATTCTTCTTCTGTTGTTTTTGTAGAATGAAGTTCCCIGCCGCCTTCCTCATCGATGTTICAT
GGTCGTCCTCATCGGCTGAACCCCGAGAGGETGCTIGGATCCCTGCCTTGAATAGCGATCTATCATGGTAGAGTCACAGAGTTAATTT
GCTTTTTACATTCCAAATATTTTAATATAACATGGCTGGARAATCACAAAAATCAGTACTCGATATATTTGGCAAAGTAGAATCCC
TTTGATTTCAATAATAATCAAAAACACAATCAAAAAGGCCATTGATTAGCATGTTCCTTCAATGAAATGGACATTGTAGTITATTT
TEATTCTCACATCCACCAACTTCCTGCGGCAACAATTGAATTCAAATTTGTCTCAGAAAAATTTAAAGTACATTTTTCTTTCCATT -
AATCCGGATTTICTTTTAAAAAATACAGAATAACTGGATCTTTATGCTAARATAATARATCATACATTCTGATTTTACCAGTCAAGAT
TCAACGCTACTTAAAAGTATCTATAAAACATCATCTCTATTGATAATTGTTTAACTTTTAACTAATAGTCCTAATAATTGTGTTAT
GGRAAATGTATTCATTGTCATTTAATATCATT TGCTTCAATTTATCACCATCTGTTITTTGTTTGTT TTTACACAGCT CTACTGAGGA
TCAATCGETAAGCGACTTCTACCATCATTACTGTGTAATTTTAATAGTATTATCATCAGTACTGTTATTGATAACTTCTCTTGTCTT
GCTGACTCTCTCCATCAGCCAAATGETCTATTATCGTAGGCACTGGCACGETGACCTCGAGCAGCAGGCTCTCGACRAGCGCTCAG
TGEAGGACCAGCCCAGTTCTATTGCTTCTGCCTGARGAAGTCGCCTTGAAGGAGCCTTCAG

//

Witch Flounder GcSc4B35
ATGAAGTTCAC'I‘GCCACCTTCC'I‘GGTGTI‘GTTCATGGTCGTCCTCATGGCTGGATCCGGAGAGTGTGGTI’GGAAAAAGTGGTI‘CAC
TAAAGGTCCCAAGCACCTTGGCCAGGCGECCATTAACGGTTTCGCCTCTTGCGAAGAGCAGCAAGAGCTCCACAAGCGCTCAGAGG
ATGACGAGCCCAGTGCTATTGTITTTGAA

//

Witch Flounder GC3.6
ATCAAGTTCACTGCCACCTTCCTCGTGTTGTTCATGGTCGTCCTCATGCCTGCATCCCGACAGTGTGCTTGCGAAAAAGTGGCTCCG
TAAAGGTAGAGTCATGCATTTAATTIGCTTTTTACATTCCAAATACTTTAATATAACATAGTTGGAAAATCACAAAARTAAGTAGT
CRATATATTTGGCCATATAGAATCACTTTGATTTCAATAATAATCAARAACAACAATCARARAAGCCCATTGATTAGCATGTTCCTITC
ACTAAAATGGACATTCTCATTITATTTTGATTCTCACAGGCACCARCCTGCTGCGCCAACAATTGAAATCAAATTIGTCTCAGAAGA
ATTCAAAGTACATTGTTCTAGGCGATTTAATCTTTCCATTCATCGGATTIGTTTTTAAAAATATAGAATAACTGCATCTCTATGTT
AAAATAATAAAACACACATTCTGATTITACCTGTCAAGATTGAACACCGACTTAAAAGTATGTATAAAACATCATCTGTATGTATAA
TTGTTTAACTGTCAACTAATAGTCCANATAATTGTCTTATGEGAAATGTATTCATTIGTCATATAATATCATTTGCTTGAATTTATCA
COATGTGTITTICTITGTTTTTACACAGCGTGCCARGCACCTTGGCCAGGCEGGCCATTAAGTAAGGACTTCTACCATCATTACTGTG
TAATTTTAACAGTATTATCATCAGTACTGTTATTGACAACTACTCTTGTCTCTGTGACTCTCTCCAGGGGTTTCGCCTCTTGCGAA
GAGCAGCAGGAGCTCGACAAGCGCTCAATCEGATGACGAGCCCAGTGCTATTGTITTTCACTGAAGAAGTCGCCTTEGARGAGCCITC
AG

//

Witch Flounder GC2.2
GCCCAC‘I‘TTGTA‘I'I'CGCAAGGTAAGAGCGATATATTTCAAACTCATATAGACGAGACCAAGCAT‘I‘TGGGAAATGTGCTCAGCTTGT
TACTGTATAATGCAAATGTTAACAATGTTTTTGTTCTGTTGTTITTTGCAGAATGAAGCT! CGCTECTGCCTTCCTGGTCTTIGTTCAT
GGTCGTCCTCATGGCTGAACATGGAGAGGGTITI‘GGGGATTTCTATATGAAGCCTGGTAGAG;I‘CACGGAA‘I‘I‘AATI‘CGA‘IT’[TAAC
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ATGGCAAA‘I‘A‘I“ITTACTATAACATAC'CATATGAGTAG‘I'CGATTAATTAATTGGATTTGTFI‘ITAAAAATATAGAATAA‘ITGGATCT
TTATGCTAAAATAA’ITAAACATACA‘I“I‘C'I‘GATT‘I‘TACCAGTTAAGA'ITGAACGCTACTTAAAAGTATGTATAAAACATCATC‘I'GTA
CATATAATI‘GTTI‘AACTGTI’AACCAATAGTCCAAATAA‘I’TGTGTTGTGGAAATGTATTAA‘ITGTCATTTAATATCAT‘I‘I‘GCT‘I'GAA
TTTGTCACCATGTGTTGTTGTTTGTTITTACACAGGTAGAAAGATTTCCCATCGGTAAGGACTTCTACCATCATTACTGTGTATTT
'I'I‘AGCAGTA’I‘TATCATCAGTAC'I'GTTATTGATAACTI‘CTC‘ITGTCTCGCTGACTCTCTACAGGTACATCAGAAGTCCTTATGGTIA
CGACGAGCAGCAGCGAGGTCGACAAGCGCTCAGTCGATGACAACCCCAGTGCCATTGCTTICTGACTGARGAAGTCGCCTTGAAGGAG
CCTTCAGR

1/
Witch Flounder GcSc4B28
ATGAAG'I'I’CACTGCCACCTTCC‘I'GGTG'ITG'ITCATGGTCGTCCTCATGGCTGAACCTGGCGAGGG’.[‘I‘A‘I‘I‘GGCGCTTCCGCAACCA
CCGTGGTGAAAGGTTATCCCAGAGGCATTTCGCTGACGTCGAGCAGCAGGAGCTCCGACARGCGCTCAGTGGATGACGAGCCCAGTT
CTATTGCTTTTGA
//
Witch Flounder GC3.7
ATGAAGTTCACTGCCACCTTCCTCGTGTIGTTCATCGTCATGTTTCGAACCTGGAGAGTGTTTTTGGAATGCTTTI TCACCEGRTCC
ACCATGGTCGGGTCACGGAAGTAGTTCGATTTTIACATGGCAAATATTTARAATGAAACATACCATATCAGTAGTCGATATATTTCG
CCAAGTAGAATCACTTTGACTTCAATAATAATCAAAAACATAATCAAARAGCCCATTGATTAGCATGTTCCTTCAATGAAATCGAC
ATTGAGGTTTATTITTGATTCTCACAGGCACCAACCTGCTGCGGCAACAATTGCATT CAAATTTGTCCCARAGANACTTAATTAACA
TTTTCTGECGATTTAATCTTTGCATARATTGCGATTIGTTITTAAAAATATAGAATAACTGGATCTTTATGCTCAAATAATTAATCA
TACATTCTTATTTTATCAGTCAAGATTGAACGCTACTTAAAAGTATGTATARAACATCATCTIGTATGTATAATTGTITALCTTTTA
ACTAAAAGTCCTAATAATTCTGTTATGCAAATGTATTAATTGTCATTTAATATCATTTCCTTGAATTTATCACCATGTCTTTTTGT
TTGGTTTTTACACAGCTGGAAGGTTGATCCATAGGTAAGGACTTCTACCATCATTACTGTATAATGTTAATAATAGCATTATCATC
AGTACTGTTATIGATAACTTCTCTTGTCTCGCTGACTCTCTCCATCAGATTCATCARACGTCACCGTCGACGTCGAGCAGCAGGAGC
TCCGACAAGCGCTCAGTGGATGACCGAGCCCCAGTTCTATTGCTTTTGCCTGAAGAAGTCGCCITG
//
Witch Flounder GC3.1
ATGAAGTTCACTGCCACCTTCCI‘GGTGTI‘GTTCATGGTCGTCCTCATGGCTGAACCTGGAGACI‘GTATTITTGGATTGA‘ITGCGAC
TGCGGTCCACAANGTAAGTCAAGGAAITAATTCGATITITACGTGGCAAATATTITAGHTAACATACCTTATGAGTAGTCGATA
TATTTGACCAAGTAGAATCATTITGACTTCAATAATAATCAAAATAACAATCTCTAGGCAATTTAATATTTCGCATTAATTGCATTT
GITTTTAAAAATATAGAATAACTGGAT CTTAATGCTAAMATAATTAAACATACATTCTGATATTACCAGTCAAGATTCAACGCTAC
'I‘TAAAAGTA‘I'GTATAAAACATCATC‘I‘GTATGTATAATTGTTPAACI‘GTCGACTAAMGTCCTAATAATZGTGTTATGGAAATG%T
TCATTGTCATATAATATCATTTGCTTGAATTTATCACCATGTGTTTTTCTTIGTTTTTACACAGCTGGAAGGTTGATCCATAGGTA
AGGACTTCTACCATCATTACTGTATAATTTTAAGAGCATTATCATCAGTACTGTTATTGATAACTTCTCTTGTCTCCCTCACTCTIC
TCCATCAGACTACTCGECTTTCATCATGGGCCTCCCGGGTTCTGGCACGCTGACCTCGAGCAGCAGEAGCTCCGACAAGCGCTCAGT
GGATGAGGAGCCCAGTTCTATTIGCTTTIGACTGAAGAAGTCGCCTTGAAGGAGCCTTCAG
//
Witch Flounder GC4.1
ATGAAGTTCACTGCCACCTTCCIGEGTGTIGTTCATCGTCGTCCTCATGGCTGAACCTGCAGACTGTATTTTTGCATTCATTGCGAC

TGCGETCCACAATGGTAAGTCAAGGAATTAATTCGATTTTTACT TGGCAAATATTTTAGTATAACATACCTTATGAGTAGTCGATA
TATTTGACCAAGCAGAATCATTTTCGATTTCAATAATAATCAAAATAACAATCTCTAGGCAATTTAATATTTGCATTAATTGGATTT
GTTTTTAAAAATATAGAATAACTGGATCTTAATGCTAAAATAATTAAACATACATTCTGATATTACCAGTCAAGATTGAACGCTAC
TTAARAGTATGTATAAAACATCATCTGTATGTATAATTGTTIAACTGTCGACTAATAGTCCTAATAATTGTGTTATGGAAATGTAT
TCATTGTCATATAATATCATTTGCTTGAATT TATCACCATGTGTTTTTGTTTGTTITTACACACT TGCARGGTTGGTCCATGCGTA
AGGACTTCTACCATCATTACTCTATAATTTTAAGAGCATTATCATCAGTACTGTTATTGATAACTTCTCTTGTCTCGCTEACTCTC
TCCATCAGACTACTCGGCTTTCATCATGGGCCTCCCGGETTCTGGCACGETCACGTCGTGCAGCAGGAGCTCGACAAGCGCTCAGT
GGATGAGGAGCCCAGTGCTATICTTTTTGAATCAAGAAGTCCGCCTTGAAGGAGCCTTCAG

//

Witch Flounder GC4.4
ATGAAGTTCACTGCCACCTTCCTGGTGTIGTTCATGGTCGTCCTCATGCGCTGAACCTGEAGACTG TATTTTTCCATTGATTGCEAC

TGCEGTCCACAATGGTAAGTCAAGGAATTAATTCGATT T TTACGTGGCAAATATTTTAGTATAACATACCTTATGAGTAGTCCEATA
TATTTGACCAAGTAGAATCATTTTGCTITCAATAATAATCAAAATAACAAT CTCTAGCCAATTTAATATITGCATTAATTGGATTT
GTTTTTAAAAATATAGAATAACTGCATCTTAATGCTAAAATAATTAAACATACATTICTCATATTACCAGTCAAGATTGAACGCTAC
TTAARAAGTATGTATARAACATCATCTGTATGTATAATTGTITAACTGTCGACTAATAGTCCTAATAATTCTGTTATCGAAATGTAT
TCATTGTCATATAATATCATTTIGCTTGAATTTATCACCATGTGTTTTTGTTYGTITITACACAGTTGCAAGETTCETCCATGGGTA
AGGACTTCTACCATCATTACTGTATAATTTTAAGAGCATTATCATCAGTACTGTTATTGATAACTTCTCTTGTCTCECTGACTCTC
TCCATCAGACTACTCGGCTTTCATCATGGGCCTCCCAGGTTCTGGCACGCTCGACGTCCGAGCAGCAGGAGCTCCACAAGCGCTCAGT
GGATGAGGAGCCCAGTGCTATTGTTTITCGAATCGAAGAAGTCCGCCTTGAAGGAGCCTTCAG

//

Petrale sole 02A(3) )
ATGAAGTTCACTGCCACCTTCCTCCTCTTGTTCATGCTCATCGTCATGTTTGAACCTCGAGAGTG T TTTITTGGAATGCGTTTTICA
CEGEGTCCACCATCETAGCCTCACAARAGTGATTTGATTATTACATGCCARATATGTTARATGAAACATACCATATGAGCAGTCGTA
TTATTTGCACAAGTAGAATCACTT TCATTTCAATAGTAATTAAAATAACAATCAAADAGECCTTTGATTAGCATGTTCCTTCAATG
AAATGCGACATTCAGGTTTATTTTGATTCTCACCTGCATCGACCTGCTGCGGCAACTATTGAAATCAARTTTGTCCCAGARGAAANCT
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AANTTAACATTTTCTAGGCCATCTAATCTTTGCATGAATTGCATITGCTTTCAAAAATATAGAATAACTCGATATTTATGCTAALR
TAATAAAARACACACATTCTGATTTITACCAGTCAAGATTGAACACTACTTAAAAGTACGTATARAACATCATCTGTATGTATAATTG
TTTGACTTTTAACAAATAGTCAAAATGATTGTTATGGAAATGCATTAATTGTCATTTAATATCATTTACTTGAATTTATCACCATG
TGTTTCTTTGTTTTTTAGCAGGTGCAGCTITTCTCAATGCGCAAGGACTTCTACCATCATTACTGTGTAATTTTAATAGTATTATC
ATCAGTACTC‘ITA‘I‘I‘GACAACGTCTC‘I‘I’GTCTCGCTGACTCTCTC‘I‘ATCAGA'ITAAACCCAGGGTATCGCGGTTACGACGAGCAGC
AGGAGCICGACARGCGCGCAGTCGATGA

//

Petrale sole 02B
ATGARGTTCACTGCCACCTTCCTGETGTTGTCCTTGEGTCGTCCTCATGGCTGAACCTGGAGAGGGTTTCTTTGGAGCCCTTCTCAA
AGCTAGAGTCACGGAATTAATTTGATIGTTACATGGCARATAATTTTGTATAACATATCATATGAGCAGTCGATGTATTTGACCAA
GAAGAATCATTITGATTTCAATAATAATCARARTAACAATCTCTTGGAGATTATATATTTGCAATAATTGGATTTTATARAATATA
GAACAACTGGATCTTAATGCTARARATAATTARACATACATTCTGATTTTACCAGTCAAAATTARCCACTACTTTAADAGTATGTATA
AAACATCATCTGTATGTTTAATTGTTTAACTTTTAACAAATAGTCCAAATAATTGTGTAATGCAAATGTATTCATTGTCATATAAT
ATAGTTTGCTTGACTTTATCACCGTGTIGTTTTIGITTGTITTTTCACAGGTGCCCAGGCCCTCCATGGGTAAGGACTTCTACCATC
ATGACTGTGTAAGTTTAATAATATTATCATCAGTACTGTTATTAACGACTTCICTTGTCTCGCTGACTCTCTCCATCAGRATCATC
CACAATGCTCGTCACGGTTACCGACCAGCAGCAGGAACTCAACAAGCGCGCAGTCGATGA

//

Petrale sole PL1 /2/2.1
GCCCACT‘ITGTATI‘CGCAAGGTAAGATCAATATTITTCAAA’I‘I‘CAT'ITAGACGAGACCAACCGTI‘TGCGAAATGTGCTCAGCITGT

TATTGTATAATAACAAAGTTAACCATCTTTATTTTTCTGTTTTTTTGTAGAATGAAGTTCACTGCCACCTTCCTGATGTTGTTCAT
CTTCGTCCTCATGGTTGARCCTCGAGAGTGCTGETTGCAAAGATTGGTTTCGTAAGGCTAAGAAAGGTAGAATCACGGAATTAATTA
GCTTTTTACATTGCAARTAGATTTTTTATAACAGCTGGAAATCACAAAAATARATAGTCGATATATTTGGCCAATTAGAATCACTT
TAATTTCAATAATAATCTAAATAARCAACCTAAAAGGCCTTTGATTAGCATGTTCCTTCAATGARAAGGACATTGAGGTTTATTTTC
ATTCTCACATGCACCGACCTGTGCGGCAACAATTGAATTCAGATTTGTCCCAGAAGAATTCAAAGTACATTTTTCCAGGCGATTAA
ATCTTTCCATTACTCGGATTTAAAAATAAATAAATAGAATAACTGAAGCGCTATGATAAAATAATTACACATTCATTCTGATTTTA
CAAGTCAAGATTGAACACTATTAAAAAGTGTGTATAAAACATCATCTGTATGTATAATTGTTTAACTGT TAATAGTCTTAATAATT
GTGTTATGGAAATCTATTAATTTACATTTAATATCATTTGCTTGAGTI TACCATCATGTGTTTTTGTTTGTTTTTACACAGTTGGC
AAGACTCTTGGCGGCTTGGCCCTTAAGTAAGAACTTCTACCATCATTACTGTATAATTTTGATAGTATTATCACCAGTACTGTTAT
TAACTACTI‘CI‘CTTGTCTCGCTGACTCI‘CTCCATCCGACTCATCCGCAGTCATI‘ACC‘ITGG(X}AGCAGCAGGAGCTTGCCAAGCGC
GCAGTCGANACGACCCCAGTGITATTGTCITIGACIGAAGAAGTCGCCHGAAGGAGCCTTCAG

//

English sole 05A
ATCAAGTTCACTGCCACCTTCCTCATGATTTTAATCTTCGTCCTCATCGTCGAACCTGGAGAGTGTGGTATTAGGAAATCGTTTAA

AAAGGCTECTCACGGTAAAGTCACGGAATTAATTTGCTTTTTGCTTTACAAATATTTTTTTATAGCAGCTCGAAAATCACAAAAAT
AAATAGTCGATGTATTTGGCCAATTAGAATCACTTTGATTTCAAATAATAATCTAAATAGCAACCTARAAGGCCTTTGATTAGCAT
GTTCCTTCAATGAAATGGATGTTGAGGTTTATTTTGATTCTCACATGCACCGACCTGCTGCCGCAACAATTGAATTCAAATTTGTC
CCAAAGGAATTCAAAGTAAACTTTTCTAGATGATTTAATCTTTCCATAACTCGGCTTTGTITTTAARAATATATAATAACTCAATC
ACTATGATAAAATAATAACACATACATTCTGATTTATACAAGACAAGATTGARAACTTCTTAAAAGTATGTATAAAACATCATCTG
TTTCTATAATTGTTTATCATTTCACAAAAAGTCCAACTAATTGTGTTATGGAATTGTATAAATTGTCATTITAATATAATTTITTTGC
AGTTTATCAATATGTCTTTTIGTITGTTTTACACAGTTGCGCAAGGAAGTTGGCAAGGTGGCCCTTAAGTAAGGACTTCTACCATTA
TTACTGTATAATTTTGATAGTATTATCACCCGTACTGTTATTGACAACTTCTCTTTTCCTGCTGACTCTCTCCATCTGACTCATCT
GCAGTGCTTGCCTTGACAAGCAGCAGCAGCTCGACAAGCGCGCAGTCGATGA -
//

English sole PL1/2/5
GCCCACTTTCTATTCGCAAGGTAATATCGATATTTTTCAAACTCATTTAGACGAGACCAAGCATTTGCGAAATGTGCTARGEGTTGT

TACTCTATAATGCAAAATTAATGATCTTTATTTITCTGTTTITTTTTCCAGAATGAAGTTCACTGCCACCTTCCTCATGATTTTAA
TCTTCGTCCTCATEETCCAACCTGCAGAGTGTGGTTTGAAGAAATCCTTTAARAAGGCTGTTCACCGTAGAGTCACGGAATTAATT
TGOTTTTTGCTTTACARATATTT T T TTATAGCAGCTGGAAAATCACAAAAATAAATAGTCCATGTATTTGGCCAATTAGAATCACT
TTGATTTCAATAATAATCTARATAGCAACCTAAAAGGCCTTTGATTAGCATGTTCCTTCAATGAAATCGATGTTCGAGGTTITATTIT
GATTCTCACATGCACCGACCTGCTCCGGCAACAATTGAATTCCAATTTGTCCCAAAGGAATTCAAAGTARACTTTTCTAGGCGATT
TAATCTTTCCATAACTCCECTTTGTTTTTARAAATATATAATAACTCAATCCCTATGATAAAATAATAACACATACATTCTGATTT
ATACAAGACAAGATTCAAAACTTCTTGAARGTATGTATCAAACATCATCTGTTIGTATAATTGTTTAACAGTTCACAAAAAGTCCA
ACTAATTCTGTTATCGAATTCTATAAATTCGTCATTTAATATAATTTTTTTGAGTTTATCAATATGTGTTTTTGTTTGTTITACACA
GTTCCCAAGADAGTTGCCAAGGTGECCCTTAAGTAAGGACTTCTACCATTATTACTGTGTAATTTTCATAGTATTATCACCAGTAC
TG'I“I'A‘I‘TGACAACITCYCTTITCCTGCTGACTCTCTCCATCCGACTCATC‘I‘GCAGTGCTTACC‘ITGGCGAGCAGCAGCAGCTCGAC
ADGCETCCAGTCEATGAAGAGCCCAGTGTTATTGCTTITTCACTGAAGAAGTCGCCTTCGARGGAGCCTTCAG

//

Starry flounder 09A
ATGAAGTTCACTGCCACCTTCCTCATGATGTTCATCTTCCTCCTCATGGTTGARCCTGGAGAGTCTCCTTCCAGGRAAATGGATTAR

ARAGGCTACTCACGGTARAGTCACGGAATTAATTCGTTTITTGCT TTGCAAATATTTTTTTTATAACAGCTGGAAAGTCACAAARA
TAAATAGTCAATATATTTCGCCAATTAGAATCACTTTGAGTTCAATAATAATCTARATAACAACCAARAAGGCCTTTCCTTTAATG
AAATGTACGTTGAAGTTTATTTTGAATCTCACATGCACCGACCTECTGCGECAACAATTCGAATTCAAATTTCTCCCAGAGGAATTC
AARAGTARATTTTTCTAGGCGATTTAATCTTTCCATTACTCTGATTTGTTTTAAATATATAGAATCGACTCAATTGCTATGATAARAT
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AATAAGCCA‘I‘ACATI‘CTGATT‘I'ITACAAGACAAGA‘ITGAAAACI‘I'CTI‘AAAAGTACGTATAAAACATCATCTGTA‘I‘TTATAA‘I“I’G‘I‘ :
TI‘AACAT‘I'I‘AACAAATTGTCCTACI‘AA‘I‘TGTGTTATGGAAATGTATAAA‘ITGTCATTTAATATCATI‘I‘GC‘I‘I‘GAGTI“I'ATCA’I"I‘AT
TTGTTTITGTTIGTTTT TACACAGTTGCCAAGCATATTGGCARGECGGCCCTTGAGTAAGAACTTCTACCATCATTACTGTATAAT
TTI‘GATAGTAT‘I‘ATCACCAGTACTG‘I‘TATI‘GACAACTTCTC'I‘I‘GTCCTGATGACTCTGTTCATCCAACTCATCTGCAGTGC‘ITACA
TTGGCGGGAAGCAAGAACTCGACAAGCGCGCAGTCGATGA

/!

Greenland halibut 12B
ATGAAG‘I“I'CACTGCCACC‘I‘I‘CCTGGTG'ITG‘I‘I‘CATGGTCGTCCTCATGGCTGAACCTGGAGAGGGTI‘ITITCGGA’ITGCI‘I‘T‘ITCA
CGGGATCCACCATGG‘I‘AGGGTCACGGAA’ITAA’I‘I‘AGATGTI‘I‘ACATGGCAAATA’ITITAAGATAACACACCATATGAGTAGTCGAT
ATA’ITTGACCAATI‘AGAATCACTITAA’I‘I‘TCAATAATAATCACAATAACAATC‘I‘C‘I‘AGGCCATI‘I‘AATC‘I"ITCCA‘ITAATCGGA’IT
TG'ITIT'I'ITAAATATAGAATAACTGGATC‘ITTATGCTAAAATAATGAAACATACATTCTGATITTACCAG‘I’CAAGATTGAACGTI‘A
CTI‘AAAAGTATG’I"ITAAAACATCATCTGTATGTATAATI‘GTI‘I‘AGCTGTAAACAAATAGTCCAAATAATI‘GTG’I'I‘ATGGAAATGTA
TI‘AATI‘GTCATATAATATAATTI‘GC‘I‘IGAATTTATCACCATGTGTITTTGT‘ITG’ITI"ITTAACACAGCTGGAAAGTIGATCCATGG
GTAAGGACTTCTACCATCA‘I‘I‘ACTG‘I‘GTATTI‘TTAATAGTA‘ITATCATCAGTACTGTTATI‘AACAACTI‘CTC'I‘TCTATCGCTGACT
CTCTCCATCAGACTCATCCATCATGG‘ITACGACGAGCAGCAGGAGCTCGACAAGCGCGCAGTCGATGA

// ’

Pacific halibut 15A
ATGAAGTI‘CA@GCCAC@TC@GGTGﬂGﬂCATGGTCGTCﬂCAmGﬂGAACCNGAGA%GmGGGAAAﬂGGANGGGCC
CCATATCAGCGGTAGAGTCACGGAATTAATTI‘GC’IT‘I‘I‘TCCATI‘GCAAATA‘I'ITI‘AATATI‘GCATAGCTGGAAAATCACGAAATAA
GTAGTCGATATATHGGCCAAATAGAATAACI‘T‘I‘GATTTCAATAATAATCAAAATTACAATCAAAAAGGCC’ITI‘GA‘ITAGCATGTT
CC‘I‘I‘CAATAAAATGGACATTGAAGTTTA’ITTPGATGCTCACATGCACCGACCTGCTGCGGCAACAATI‘GAAATCAAATI‘I‘GTCTCA
GAAT'ITAAAGTACA’I‘IT‘ITC‘I‘AGG‘I‘GA‘I‘ITAATCI’TTCCATI‘CATCTGATPTATTTIATAAATATAGAATAACTGGATCT’ITCTGC
TAAAATAA‘I‘AAAACACACATTC'I‘GA‘I‘T'I"I‘ACCAGTCAAGATIGAACACTACTTAAAAGTATGTATAAAACATCATCTGTATGTATA
A’I‘I‘G‘I‘I‘TAACTGTI‘AACAATAGTCCAAATAATTGTGTTAAGGAAATGTATPAATPGTCATTTAATATCATHGCITGAAWPATCA
CCATGAGTTI‘ITI’G‘ITIGTITTTACACAGGmGAAAGAAGGCCTIGCAGTAAGGAC‘ITCTACCATCA‘ITAC’I‘I‘I‘GTAAT‘ITI‘I‘ATA
GTA'I'I‘ATCATCAG'I‘ACIGTI‘A’ITGACAAC‘PI‘CIC‘ITGTCTCGCIGACTCTCTCCATCAGGATGAACTCAGAGCGTCGCAG‘ITACGA
CGAG’I'AGCAGCAGAAGCTCGACAAGCGCG_CAG‘I‘CGATGA

// '

Pacific halibut 15B

ATGAAGTTCACTGCCACCTTCCTCGTGTTGTT! CATGETCCTCCTCATCGCTGAACCTEEACGAGTECTTTTTITGGGATTGCTTTTTICA
CGGGGTCCACCATGGTAGGGTCACGGAAGTAATTCGA’ITI‘HACATGGCAAATATITI‘AAGATAACACACCATA‘I‘GAGTAGTCGAT
ATA'ITPGATATATTAGAATCACTI‘TGATI‘I‘CAATAATAATCAAAATAACAATCTCTAGGCGATTTAATATITGCATTAATTG@ATP
TGTI‘I'ITAAAAATATAGAATAACTGGATCTTTATGGTAAAATAATTAAACATACATTC‘I‘GA‘I‘I‘ITACCAGTCAAGA‘I‘I‘GAACACTA
C‘ITAGAAGTATGTATAAAACATCATCTGTATGTATAATI’GTI‘I‘AACTGTI‘AACI‘AATAGTCCAAATAATIGTGTTATGGAAATGTA
TTAATTGTCATFYAATATCATTMCHGAATTTATCACCANTGTTMGITNMCACAGTIGGAAAMGATCCATGGG‘I‘
AAGGACTTCTACCATCATTACTG‘I‘GTATI‘TI‘I‘AATAGTATTATCATCAGTAC‘IGTTATI‘GACAACTTCTCTTGTCI‘CGC’I‘GACTC‘I'
CTCCATCAGACTCATCCA‘I‘CACGGTTACGACGAGCAGCAGGAGCI‘CGACAAGCGCGCAGTCGATGA

//

C-0 sole PL1/2/6 )
GCCCAC'I'I‘TGTATI’CGCAAGGTAATATCGATATHTTCAAACTCATITAGACGAGACCAGGCATTPGGGAAACGTGCTAAGGTPGPTACTG
TATAATGCAAAA&TAATGATCTTTATITITCIGHTITTTTTGCAGAATGAAGITCACIGCCACCI‘I’CCTCATGATTI'I'AATCTTCGTCCT
CATGGTCGAACCTGGAGAGTGTGGTA‘ITAGGAAATGGTPPAAAAAGGCTGCTCACGGTAAAGTCACGGAA'I'I‘AATI'I‘GC’I‘I‘I"ITGCTTI‘AC
AAATA‘I‘I‘TI‘T‘I‘TACAGCAGCTGGAAAATCACAAAAATAAATAGTCGATGTAITIGGCCAATTAGAATCACTITGAITTCAATAATAATCTA
AATAGCAACCI‘AAAAGGCCT‘ITGATI‘AGCATGTI‘CCITCAATGAAATGGGTGTTGAGGTTTATTPIGA’ITCICACATGCACCGACCTGCTG
CGGCAACAA‘I‘TGAATI‘CAAATITGTCCCAAAGGAATI‘CAAAGTAAACTI‘I‘I‘CTAGGCGATTI‘AATCI‘I‘TCCATAACTCGGCT’ITG‘I‘I‘TTTA
AAAATATATAATAACTCAATCGCTATGATAAAATAATAACACATACA’ITCTGATI‘TATACAAGACAAGATI‘GAAAACTTC‘I‘I‘GAAAGI‘ATG
TATCAAACATCATCTG’ITTATATAATIGT‘ITAACATI‘I‘CACAAAAAGTCCAAC‘I‘AATTGTG'ITATGGAATrGTATAAA‘ITGTCATTTAATA
TAA'I‘ITTITTGAGWTATCAATATGTGTITITGTTTGTI‘ITACACAGTI‘GGCAAGAAAGTI‘GGCAAGGTGGCCCITAAGTAAGGACTTCTA
CCAT‘I‘ATI‘AC‘I‘GTATAA‘I'ITI‘GATAGTA‘I‘I‘ATCACCAGTAC'I'GTTATI’GACAAC’ITCTCTTTI‘CC‘I‘GC‘I‘GACI‘C‘I‘CTCCATCCGAC‘I‘CATC
'I‘GCAGTGCTI‘ACCTTGGCGAGCAGCAGCAGCTCGACAAGCGTGCAGTCGATGAAGAGCCCAGTG’ITATTGCITITGACTGAAGGAGTCGCC
TTGAAGGAGCCTTC

//
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Appendix I. Nucleotide sequences of pleurocidin-like genes and cDNAs referred to in
Table 4.

NRC-01
ATGAAGTTCACTGCCACCTTCCTCCTGTTGTTCATCTTCGTCCTCATGGTTGATCTCGGAGAGGGTCGTCGTAAGAAAAAGGGGTCG
AAGAGAAAGGGGTCCAAGGGAAAGGGGTCCAAGGGAAAGGGCAGGTGGTTGGAAAGGATTGGTAAAGGTAGAGTCACGGAATTAATT
TGCTTTTTACATTGCAAATATTTTTCATATAACATTGCTGGAAAATCACAAAAATAAGTAGTCAATATATTTGGCCAAATAGAATCA
CTTTGATTTCAATAATAATCAAAATAACAACCTAAAAGGCCTTTGATTAGCATGTTCCTTCAATGAAATGGACATTGTAATTTACTT
TGATTCTCACATGCTACGACCTGCTGCAGCAACATTTGAAAATAAATTTGTCCCAGAAGATTTTAAAGTACATTGTTATAGGCGATT
TATCTTTCTATTACTCAGATATTTGTTCAAACCAATAGAATAACTGGATCTCTATGCTAAAATAATAAAACACACATTCAGATGTTA
CCAGTCAAGATTGAACGCTGTTTAAAAGTAAGTATGAAACATCCTCTGTATGTATAATTGTTTAACTGGTAACTTATAGTCCTAATA
ATTGCGTTATGGAAATGTATTAATTGTCATTTAATATAATTTGCTGGAATTTATCACTGTGTGTTTTTGTTTGTTTTTACACAGCTG
GCGGGATAATTATCGGGGGGGCCCTTGAGTAAGGACTTCTACCATCATTACTGTGTAATATTTATAGTTATGATCAGTACAGTTATT
AACAACTTCTCTTGTCTCGCTGAACTTCTCCATCAGTCACCTCGGGCAGGGGCAGGTGCAGGGGCCGGATTACGACTACCAGGAGGG
GGAGGAGCTCAACAAGCGCGCAGTCGATGAA

//

NRC-02 and NRC-03
ATGAAGTTCACTGCCACCTTCCTCCTGTTGTTCATCTTCGTCCTCATGGTTGATCTCGGAGAGGGTCGTCGTAAGAGAAAGTGGTTG
AGAAGGATTGGTAAAGGTGTCAAGATAATTGGCGGGGCGGCCCTTGATCACCTCGGGCAGGGGCAGGTGCAGGGGCAGGATTACGAC
T?CCAGGAGGGGCAGGAGCTCAACAAGCGCGCAGTCGATGAAA

/ -

NRC-04
GCCCACTTTGTATTCGCAAGGTAATATTGATATTTTTCATATTCATTTAGACAAATGTGCTCAGCTTGTTACTGTATAATGCAAAAG
TTAATGATCTTTATTTTTCTGTTTTTTTTTGTAGAATGAAGTTCACTGCCACCTTCCTCATGATTGCCATCTTCGTCCTCATGGTTG
AACCTGGAGAGTGTGGCTGGGGAAGCTTTTTTAAAAAGGCTGCTCACGGTAGAGTCACAGAATTAATTAGCTTTTTGCTTTGCAAAT
ATTTTTTTTATAACAGCTGGAAAATCACAAAAATAAATAGTATATATATTTGGCCAATAAAATCACTTTGATTTCAATAATAATCTA
AATAACCAACCTAAAAGGCCTTTGATTAGCATGTTCCTTCAATGAAATGTACGTTGAGGTTTATTTTGATTCTCACAAGCACCAACC
TGCTGCGTCAACAATTGAATTCAAATTTGTCCCAAAGGAATTCAAAGTAAATTTTTCTAGGCGATTTAATCTTTCCATTACTCTGAT
TTGTTTTAAAAATATAGAATAACTCAATCTCTATGATAAAACAATTACACATACATTCAGATTTTTATAGGACAAGATTGAAAACTT
CTTACAAGTATGTATAAAACATCATCTGTATGTATAATTGTTTAACATGTAACAACTAGTCCTACTAATTGTGTTAAATTGTCATTT
AATATCAATTGCTTGAGTTTATCATTATGTGTTTTGTTTTTTTTTACACAGTTGGCAAGCATGTTGGCAAGGCGGCCCTTACGTAAG
GACTTCTACCATTTTACTGTATAATTTTGATAGTGTTATCACCAGTACTGTTTTTGACAACTTCTCTATTCCTGCTGACTCTCTCCA
TCCGACTCATCCGCAGTCATTACCTTGGCGATAAGCAGGAGCTCAACAAGCGTGCAGTCGATGAAGACCCAAATGTTATTGTTTTTG
AATGAAGAAAT

//

NRC-05
ATGAAGTTCACTGCCACCTTCCTGGTGCTGTCCCTGGTCGTCCTAATGGCTGAGCCTGGAGAGTGTTTCTTAGGAGCCCTTATCAAA
GGGGCCATACATGGTAGAGTCAAGGAATTAATTAGATTTTTACATGTCAAATAATGTAGTAGAACATATATAAGTAGTCAATATATT
TGACCAAGTAGAATCATTTTGATTTCAATAATAATCAAAATAACAATCTCCAGGCGATTTAATATTTGCAATAATTGGATTTTATAG
AATACGGAACAACTGGATCTTAATGCTAAAATAATCCAACATACATTCTGATTTTGCCAGGCAAAATTAAACACTACTTTAAAGTAT
GTATAAAACATAATCTGTATGTTATAACAAATACTCCAAGCAATTGTGTGATGGAAATGTATTCATTGTCATTTAATATAATTTGCT
TGAGTTTATCATCTTGTGTTTTTGTTTGTTTTTTCACAGGTGGCAGGTTTATCCATGGGTAAGGACTTCTACCATCATGACTGTGTA
TTTTTAATATTATTATCATCAGTACTGTTATTGACAACTTCACTTGTCTCGCTGACTCTCTCCATCAGAATGATCCAAAACCATCAC
GGTTATGACGAGCAGCAGGAGCTCAACAAGCGCGCAGTCGATGAA

//

NRC-06
GCCCACTTTGTATTCGCAAGGTAATATCAATATTTTTCAAATTCATTTAGACGAGACCAACCTTTTGGGAAATCTGCTCAGCTTATT
ACTGTATAATGCAAATGTTAATGATCTTTATTTTTCTGTTTTTTTTTTGTAGAATGAAGTTCACTGCCACCTTCCTCATGATGTTCA
TCTTCGTCCTCATGGTTGAACCTGGAGAGTGTGGTTGGGGAAGCATTTTTAAGCATGGTCGTCATGGTAAAGTCACGGAATTAATTA
GCTTTTAACTTTGCAAATATTGTTTTTTTTTTTAACAGCTGGAAACTCACAAAAATAAATAGCCGATATATTTGGCCAATTATAATC
ACTTTGATCTAAATAACAACCTAAAAGGCCTTTGATTAGCATGTTTCTTCAATAAAATGATTGAACACTACTTAAAGGTATGTATAA
AACATCATCATGTGTTTTTGTTTGTTTTTACACAGCTGCCAAGCATATTGGCCATGCAGCCGTTAAGTAAGGACTTCTACCATTATT
ACTGTATAATTTTGATAGTATTATCACCAGTATTGTTATTGACAACTTCTCTTTTTCCTGCTGATCCGACTCATCCGCAGTCATTAC
CTTGGCGAGCAGCAAGATCTCGACAAGCGCGCAGTCGATGAAGACCCAAATGTTATTGTTTTTGAATGAAGAAAT

NRC-07
ATGAAGTTCACTGCCACCTTCCTCATGATGTGCATCTTCGTCCTCATGGTTGAACCTGGAGAGTGTCGTTGGGGGAAATGGTTTAAA
AAGGCCACACACGGTAGAGTCACAGAATTAATTAGCTTTTTGCTTTGCAAATATTTTTTTATAACAGCTGGAAAATCACAAAAATAA
ATAGTCTATATATTTGGCCAATTAGAATCACTTTGCTTTCAATAAAAATCTAAATAACAACCTAAAAGTCCTTTGATTAGCATTTTC
CATCAATGAAATGGACGTTGAGGTTTATTTTGATTCTCACATGCACCGACCTGCTATGTCAACAATTGAATACAAATTTGTCCCAGA
GGAATTCAAAGGAAATTTTTCTAGGCGATCTAATCTTTCCATTACTCGGATTTGTTTTTAAATATATAGAATAACTCAATCTCTATG
ATAAAATAATAACACATACGTAAAGATTTTTACAAGACAAGATTGAAAACTTCTTAAAAGTACGTATAAAACATCATCTGTATTTAT
AATTGTTTAACATTTAACAAATAGCCCTACTAATTGTGTTATGGAAATGTATAAATTGTCATTTAACATAACTTGTTTGAGTTTATC
ATTATTTGTTTTTGTTTGTTTTTACACAGTTGGCAAGCATGTTGGCAAGGCGGCCCTTACGTAAGGACTTCTACCATCATTACTGTA
TAATTTTGATAGTATTATCACCAGTACTGTTATTGACAACTTCTCTTGTCCTGCTGACTCTCTCCATCCGACTCATCCATAGTGCTT
?CCTTGGCGACAAGCAAGAACTCGACAAGCGCGCAGTCGATGA
/

NRC-08
TAATAAAACTAATGTGTAAAGTCTTCCACTTTTTTTACTGTATTTACTTAAACAGAAAATTATTCTCACGATTCTGGAGCTGCAGCC
ACTAAGTGTTGCTTCATGAAGTGAATACACAATTGTTCTAACAACCACTCACCCAATTAACCAGAATCTACAAAGTGAGGAAGTGAG
AGGAGTCGTCCTGTGTTTTCAAATTTTTTGAATGATCTACCACTATGTGAGCTCCTCCTGTTATAGCTCTAAATGTTACACAATGAA
TGTGAAGTCAGTTCTGTGTATATAAAGAGTTGCCTCTGTAGAGCATACAACAGATTTCACCTTTGAATCTCACAAACCTCACTTTGT
ATTCGACAGGTAAGATCGATATTTTTCAAACTCATTTAGACGAGACCAAGTATTTGGGAAATGTGCTCAGCTTGTCAATGTATAATG
CAAATGTTAACAATCGTTTTGTTCTTATGTTGTGTTTGTAGGATGAAGTTCGCTACTGCCTTCCTGATGTTGTCCATGGTCGTCCTC
ATGGCTGAACCTGGAGAGTGTCGTTCTACAGAGGACATCATCAAGTCTATCTCGGGTAGAGTCCAGGAATTAATTATTATCAATAAC
AATGAAATAACAACCAAAAGGCCTCTGATTAGCATGTTCCTTCAATGAAATGGTCGTTTTTTATCTATTTTGATTCTCACATGCAAC
GACCTGCTGCGGCAACATTTGAAAATCAATCTTTTTTACACAAATTCAAAGTACATTGATTTATTCGATTTAATCTTAACATTAATC
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AGATTTGTTTTTGTTTAAATATATCGAATAACTGGATCTCTATGATAAAATAATTAAACATACATTCTTATTTTACCAATCAAGATT
GAACACTTCTTAAAAGTACGTATAAAACATCATCTGTATGTATAATTGTTTGATTGTTAAGTAATATTTCCAATAATTGTGTAATGG
AAATGTATTAATTGTCATTTAATATAATTTGCTTGAATTTATCACCATGTGTTTTTTGTTTGTTTTTAAACAGGTGGAGGTTTTCTC
AATGCGTAAGGACTTCTATCATCATTACTGTGTAATTTTTATAGTATTATCATCAGTACTGTTATTAACAGCTTCTCTTGTCTCACT
GACTCTCTCCATCAGAATGAACGCCGGTTACAATGAGCAGCAGGAGCTCAACAAGCGCTCAGATGATGATGACAGCCCCAGTCTTAT
TGTTTTTGACTGAAGAAGTCGCCCTGAAGGAGCCTTCAGATGATATATTATGCTTCTTGCTCTTCATTGAAATAAATCAAAC

//

NRC-09 and NRC-10 (alternative splice products from the same pseudogene)
GAGCTCGATCAAACCAGACAAAGTTGCCTTCCTTCACAACAATAGAGTGGAAGAGAAAACAGGAGAGGACTTGTATCCTCCTGATGC
TGAGAAGAAGAAATAAGAAAGACTTGCAGCATTGATACTTTTACTTATACAGAAAACCTATAAACATGACGGGAGCATAAGTTAAAG
TCACAATACAGAAGAGAACCAGAAGCCAAACTGCAGCAAATTTACTGGTATTCATATGATACTGGAGCCAAAGCAACGCAGAGACTC
AGCAGCAGTGAACCAAAGAGTTTAACTGTACTTGTGTCCAGGTTGAATGAAAGTATTGAATAAAAAAAACCAAGACAGAACATGCAT
ATTTTTTTGGAATGGAATATAAGTCAGGAGAATATGTGTTGTTGTGGTGGCAGGATCCATCACTCTGTCAAGTTAACACAAGAACTT
TTAGAAACATAGATACGATCTCAAGTAAACTTCCATTTACTATTTGACTTTTTTTAAATACTTACAAATTATATTTTAAAAAGCAAC
AATAAATCAGAGATAACTTCATGGAGAAGTCTATATTCATATTTGTGAGCTGAACATTCATGCTGCCTGTTCTATCACATCTGAGTG
TGGAGGCCACTGACGTTTACTGACCTCAACGTCTACCGCTCTAATGCATTTGGAGTTAAAGGTAAGCATTTTGTTATTTGTCTTCAC
TGTATTGATACTAAATATACAGGGTTACAAATACAGTTAAAACAAGAGAGACGAGGTGTCGAAAGCTTCAGCATCAATGTGCTGATC
GCTGATAGCTGATCTTACCCGACACCGGTGACATGGCATCAAAATGACCACCTCTTTTTTCTTCTCTTTTTTTTGTAGGACGAAGTT
CGCTGCCGCCTTCCTCGTGTTGTTCATGGTCATCGTCATGTTTGAACCTGGAGAGTGTTTTTTTAGATTGCTTTTTCACGGGGTCCA
CCATGGTAGGGTCCCGGAAGTAATTTGATTATTACATGCCAAATATTTTAATGAAACATACCTTATGAGTAGTTGTATTATTTGGAC
AAGTAGAATCTCTATGATTTCAGTAGTAATTAGAATAACAATCAAAAAGGCCTTTGATTAGCATGTTTCTTCAATGAAATGGACATT
GAGGTTTATTTTGATTCTCACATGCTACAGCAACAATTGAAATCAAATTTTTCGCAGAAGAAACTTAATTAACATTGTTGTGCAATA
GTGCTTAAAAAGTGTTACCATGGAATGGTGTGCGTTTAGGCACTCAATAAATTTGGTTATCAAAATTAAATTAAAAAAATTAATATT
TAAAATATTAATATTAAATCATAACTTTAATTGTTTAAAGTTCTCGCGGGGAACCACCCTTCTTCTGAAGGTAAAGGATAGCCAATT
TATTGATTAAGATCAGTCTCATTTAGATCTAGTTCAAATAGAAATCTCAATATTTTACCATCGAAGATTTTATAATGAACAGTGAAG
GTTATGGAGTTCTAAACAGTGTAACAGTTGGCAAAGTTCACTATTGCAATATTAATGACAGACCATTTGTGAAAGAAGAACATTTAT
TATGAGCATAATAAAGTATGAAAGCACGAATTACTAAACAATCAAAGCTAACTAACAAGGACGTGTGTGGGTGTGTGTGTGAATGTA
AATAAGGGGGGGGCTCAAACTGGTGGCCTACAAGAAGAGCCTTAAGATAGCAACCACAAGGGCTGTACCATAAATGTTGTAGTAAAA
AGAGTTATTAAAATGAGTTAGAATAACTAATGACTAATTAGTAGACAAACTAGTAGACAAACTAAACAACTAACAATAACAAGGAAG
TGTGTGTGAGTGTGTTTGTGTGTAAATGTTAATTAGGGGCTCTCAAACTGGTGTCTTACCAGAAGAGTAAGATAACAATTCCCCCCC
TTCTTCTGAGGTTGTTTTACGACTGTTGCTTTATGGCCGTGAGGGAAGGTTTAACTCGGTGACATGCTATACGTGTCTGTGTAGATG
TTAATCAGAGAATGCCAGAGTCAGAGAGACCTACGGAGGAAGTCTGTGAAGGGCCTATCTAACATTAGCTTTCCTTTAACTTATAAC
ACAATATCAGAAACACATATCAACCTTATAAACACACACAGAATCAAATAAACAGTCTTGCTTAGCATGTATAATTATTAAGCCCAG
ATTATGTTACCAGTCCGAGGGAAAGAGTTCAGTTGCAGTTCTGTGACGTCTCCTGGCTTTGTGGTCGTAGAGTTCTGCATTCGCGAT
TCTGTCGAGCCGTGTGCTCAGATGCAGGTTGAAGTTCTCCTGCAGGACATCGCGTCGCTGCGAGGATTTTGTAGAGCTTGAAGGGCG
AGGAGATTTCCTTGAGTGGTGAGCTGGAAGCTGGACCTCTGACCTCTGGTTGTTGGTTGGAAGAGAAGAAAGCTGGAGCGGCGTGGT
TTCTCCCTCTAGCCGATGCAGGAGGAGAAGCCGGCAGCCCCACTCCTTGAAGAGTTGTGGAGAGAGATGGGAGCAAAGAGCTAGATT
TTGGGGAGACCTCTCCTTATATTGGCCCCGATGACCTCACAGGCCTTGGAACGGAGTGACCAATAGGAGTTGACCCTGGTAATTCTT
GACACCTTTGTGGGACATTGTCAAGACCCCAGGACATGCAGCATCCTGTTACAATCTGGGAGACGGAGTTCCTTGACTGTCTCAGAA
CAATGAGAACCTGTGGCATCTTGGGGGATTGAGTCCACTCGAGCACATGCGGCATGTTTGTTCCAAGTTTGACTGAAAGGAGGCCTG
TGGTTTGCACAAAAACCATGTCCCAACAACATTTTCTAGGCGATTTAATCTTTACATAAATTGGATTTGTTTTAAAAAATATATAGA
ATAACTCGATCTTTCTGCGTAAATAATAAAAAATAAATTCAAATTTGACCAGTCAAGATTGAACACTAATGAAAAGTACCTATAAAA
CATAATCTGTATGTATAGTTGTTTGACTGTTAAATAGTAGTCCTAACAATTGTGTAATGGAAATGTATTCATTGTCTTTTAATACTA
TTTGCTTATCATAATGTGTTTGTTTGTTTTTTAGCAGGTGGAGGTTATCTCAATGCGTAAGGACTTCTACCATCATTACTGTGTAAT
TGTATTAGTTTTATCATCAGTACTGTTATTGACAACGTCTCTTGTCTTGCTGACTTGACTCTCTTCATCAGATTAAACCCAGGGCCG
GTTACAATGAGCAGCAGGAGCTCGACAAGCGCGCAGTCGATGACAACCTCAGTGCTATTGTTTTTTACTGAAGAAGTCGACCTGAAG
AATCTTTTGAAATGATATGAAATGTTTGCCTTTCAATGAAATAAATCAAACATGACTGGATATTTGTTCTTTTGCATTGATGTATTG
TTGAGTGACAGTTGAATAATTTTGGAAAACTTATAACAGATCTCAATTTTAGGATGTCAAATCATTTCTCTGTGTCTTATTCAAATA
TGAGATTTAACAATGACAAT

//

NRC-11
GCCCACTTTGTATTCGCAAGGTAAGATCAATATTTTTCAAATTCATTTAGACGAGACCAACCGTTTGCGAAATGTGCTCAGCTTGTT
ATTGTATAATAACAAAGTTAACGATCTTTATTTTTCTGTTTTTTTGTAGAATGAAGTTCACTGCCACCTTCCTGATGTTGTTCATCT
TCGTCCTCATGGTTGAACCTGGAGAGTGTGGATGGAAAAGTGTGTTTCGTAAGGCTAAGAAAGGTAGAGTCACGGAATTAATTAGCT
TTTTACATTGCAAATAGATTTTTTATAACAGCTGGAAAATCACAAAAATAAATAGTCGATATATTTGGCCAATTAGAATCACTTTAA
TTTCAATAATAATCTAAATAACAACCTAAAAGGCCTTTGATTAGCATGTTTCTTCAATGAAATGGACATTGAGGTTTATTTTGATTC
TCACATGCACCGACCTGTGCGGCAACCATTGAATTCAGATTTGTCCCAGAAGAATTCAAAGTACATTTTTCCAGGCGATTAAATCTT
TCCATTACTCAGATTCAAAAATAAATAAATGGAATAATTGAAGCACTATGATAAAATAATTACACATTCACTCTGACTTTACAAGTC
AAGATTGAACACTATTAAAAAGTGTGTATAAAACAACATCTGTATGCATAATTGTTTAACTGTTAATAGTCCTAATAATTGTTTTAT
GGAAATGTATTAATTTACATTTAATATTATTTGCTTGAGTTTACCATCATGTGTTTTTGTTTGTTTTTACACAGTTGGCAAGACTGT
TGGCGGCTTGGCCCTTGAGTAAGGACTTCTACCATCATTACTGTATAATTTTGATAGTATTATCACCAGTACTGTTATTAACTACTT
CTCTTGTCTGCTGACTCTCTCCATCCGACTCATCTGCAGTCATTACCTTGGCGAGCAGCAGGAGCTTGACAGCGCGCAGTCGATGAG
GACCCCAGTGCTATTGTCTTTGACTGAAGAAGTCGCCTTGAAGGAG

NRC-12
ACTTTGTATTCGCAAGGTAAGATCAATATTTTTCAAATTCATTTAGACGAGACCAACCGTTGGCGARATGTGCTCAACTTGTITATTG
TATAATAACAAAGTTAACGATCTTTATTTTTCTGT TTTTTTGTAGAATGAAGT TCACTGCCACCTTCCTGATGTTGTTCATCTTCGT
COTCATEETTGAACCTGGAGAGTGTCGATGGAAAAAATGGT TTAATAGGGCTAAGAAAGGTAGAGTCACGGAATTAATTAGCTTTTT
ACATTGCAAATAGATTTTTTATAACAGCTGGAAAATCACAARAATAAATAGTCGATATATTTGGCCAATTAGAATCACTTTAATTTC
AATAATCTAAATAACAACCTARAAGGCCTTTGATTAGCATGTTTCTTCAATGAAATGGACATTGAGGTTTATTTTGATTCTCACATG
CACCGACCTGTCGCGECAACCATTGAATTCAGATTTGTCCCAGAAGAATTCAAAGTACATTTTTCCAGGCGATTARATCTTTCCATTA
CTCAGATTCAAAAATAAATAAATAGAATAATTGAAGCACTATGATAAAATAATTACACATTCACTCTGATTTTACARGTCAAGATTG
AACACTATTAAAAACTGTGTATAGAACATCATCTGTATGTGTAATTGTTTAACTGTTAATAGTCCTAATAATTGTTTTATGGARATG
TATTAATTTACATTTAATATTATTTGCTTGAGTTTACCATCATGTGGTTTTGTTTGTTTTTACACAGTTGGCAAGACTGTTGGCGGC
TTGGCCGTTCAGTAAGGACTTCTACCATCATTACTGTATAATTTTGATAGTATTATCACCAGTACTGTTATTAACTACTTCTCTTGT
CTCGCTGACTCTCTCCATCCGACTCCTCTGCAGTCATTACCTTGGCARGCAGCCGGAGCTCGACARGCGCGCAGTCGATGAGGACCC
CAGTGCTATTGTCTTTGACTGAAGAAGTCGCCTTGAAGGAGCCTTCAGAA
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//

NRC-13
TTGCCCACTTTETATTCGCAAGGTAAGATCAATATTTTTCAAATTCATTTAGACGAGACCAACCATTTGGGARATGTGCTCAGCTTG
TTACTGTATAATGCAAAAGTTAAGTATCTTTATTTTTCTGTTTTTTTTTGTAGRATGAAGTTCACTGCCAACTTCCTCATGTTGTTC
ATCTTCETCCTCATGTTTGAACCTGGAGAGTGTCETTGEGCGAACATTGCTTAAAAAAGCTGGTCACGGAATTAATACGCTTTTTACA
TTECAAATAGATTTTTTATAACAGCTGGAAAATGACAAAAATARATAGTCGATATATTTGGCCAATTAGAATTATTTTGATTTCAAT
ARTAATCTAAATAACAACCTAAAAGGTCTTTGATTAGCATGTTTCTTCAATGAAATGGACATTGAGCGTTTATTTTGATTCTCACATG
ACCGACCTGCTECEGCAACAATTGAATTCAGATTTGTCCCAGARGAATTCAAAGTAAATTTTCCAGGGGATTAARTCTTTCCATTAC
TCGGATTTAAAAAAAAAAAAAATAGAATAACTGAATTGCCATGARAAAAATAATTACACATACTGTCTGATTTTACAAGTCAAGATTG
AACACTACTTAAAAGTATGTATAAAACATCATCTGTATGTATAATTGTTTAACTGTTAACAAATAGTCCAAATAATTGTGTTATGGA
AATCTATTAATTGTCATTARATATAATTTGCTTGAGTTTATCATCATGTGTTTTTTTTTTTTTTTTACACAGAGGTTAAGACTGTTG
GCAAGTTGGCCCTTAAGTAAGGACTTCTACCATCATTACTGTATAATTTTGATAGTATTATCACCAGTACTGTAGTACTGACAACTT
CTCTCTCCACCCAACTCATCCGCAGACATTACCTTGGCAAGCAGCCGGAGCTCGACAAGCGCGCAATTGATGACGACCCCAGTATTA
TTGTTTTTGACTGAAGAAGTCGCCTTGAAGGAGCCTTCAGAA

//

NRC-14
ATGAAGTTCACTGCCACCTTCCTCATGATGTTCATGGTCGTCCTCATGGCTGAACCCGGAGAGGCTGGTTGGGGAAGTATTTTCAAA
CATATTTTCAAAGCTGGAAAGTTCATCCATGGTGCGATCCAGGCACACAATGACGGCGAGGAGCAGGATCTCGACAAGCGCGCAGTC
GATGA

//

NRC-15
ATGAAGTTCACTGCCACCTTCCTGGTGTTGTTCATGETCGTCCTCATGGCTGAACCTGGAGAGGGTTTTTGGGGAAAGCTTTTGAAA
TTGGGCATGCATGGAATCGGGCTGCTCCATCAQCATTTGGGTGCTGACGAGCAGCAGGAGCTCGACGAGCGCTCAGAGGAGGACGAG
CCCAATGTTATTGTTTTTGAATGAAGAAGTCGCATTGAAGGAGCCTTCAG

//

NRC-16 and NRC-17
ATGAAGTTCACTGCCACCTTCCTGGTGTTGTTCATGGTCGTCCTCATGGCTGGATCCGGAGAGTGTGGTTGGAAAAAGTGGCTCCGT
AAAGGTAGAGTCATGGATTTAATTTGCTTTTTACATTGCAAATACTTTAATATAACATAGTTGGAAAACCACAAAAATAAGTAGTCG
ATATATTTCGCCATATAGAATCACTTTGATTTCAATAATAATCAAAACAACAATCAAAAAGCCCATTGATTAGCATGTCCCTTCACT
AAAATGGACATTGTAATTTATTTTGATTCTCACAGGCACCAACCTGCTGCGGCAACAATTGAAATCAAATTTGTCTCAGAAGAATTC
AAAGTACATTGTTCTAGGCGATTTAATCTTTCCATTCATCGGATCTGTTTTTAAAAATATAGAATAACTGGATCTCTATGTTAAAAT
AATAAAACACACATTCTGATTTTACCTGTCAAGATTGAACACGACTTARAAGTATGTATAAAACATCATCTGTATGTATAATTGTTT
AACTGTCAACTAATAGTCCAAATAATTGTGTTATGGAAATGTATTCATTGTCATATAATATCATTTGCTTGAATTTATCACCATGTG
TTTTTETTTGTTTTTACACAGETGCCAAGCACCTTGGCCAGGCGGCCATTAAGTAAGGACTTCTACCATCATTACTGTGTAATTITA
ACAGTATTATCATCAGTACTGTTATTGACAACTACTCTTGTCTCTGTTACTCTCTCCAGGGGTTTGGCCTCTTGCGAAGAGCAGCAG
GAGCTCGACAAGCGCTCAATGGATGACGAGCCCAGTGCTATTGTTTTTGACTGAAGAAGTCGCCTTGAAGGAGCCTTCA

//

NRC-~18
ATGAAGTTCACTGCCACCTTCCTGETETTATTCATGGTCGTCCTCATGGCTGGATCCGCGAGAGTGTGGTTGGARAAAGTGGTTCACT
AAAGGTAGAGTCATGGATTTAATTTGCTTTTTACATTGCAAATACTTTAATATAACATAGCTGGAAAATCACAAAAATAAGTAGTCG
ATATATTTGGCCATATAGAATCACTTTGATTTCAATAATAATCAARACAATAATCAAAAAGCCTATTGATTAGCATGTTCCTTCACT
AAAATGGACATTGTAATTTATTTTGATTCTCACAGGCACCAACCTGCTGTGGCAACAATTGAAATCAAATTTGTCTCAGAAGAATTC
AAAGTACATTGTTCTAGGCGATTTAATCTTTCCATTCATCGGATTTGTTTTCAAAAATATAGAATAACTGGATCTCTATGTTAAAAT
AATAAAACACATTCTGATTTTATCTGTCAAGATTGAACACGACTTAAAAGTATGAATAAAACATCATCTGTATGTATAATTTTTTAA
CTGTCAACTAATAGTCCAAATAATTGTGTTATGGAAATGTATTCATTGTCATATAATATCATTTGCTTGAATTTATCACCATGTGTC
TTTETTTGTTTTTACACAGGTGAAAGGTTATCCCAGAGGTAAGGACTTCTACCATCATTACTGTATAATTTTAATAGTATTATCATC
AGTACTGTTATTGATAACTTCTCTTGTCTCGCTGACTCTCTCCATCAGGCATTTCGCTGACGTCGAGCAGCAGGAGCTCGACAAGCG
CTCAGTGGATGACGAGCCCAGTTCTATTGCTTTTGACTGAAGAAGTCGCCTTGAAGGAGCCTTCAG

//

NRC-19
TPATGAAGTTCACTGCCACCTTCCTGATGTTGTTCATGETCEGTCCTCATGECTGAGCCTGGAGAGTGTTTTTTGGGATTGCTTTTTC
ACGGEETCCACCATGETAGGGTCACGGAAGTAATTCGATTTTTACATGGCAAATATTTTAAGATAACACACCATATGAGTAGTCGAT
ATATTTGACCAATTAGAATCACTTTAATTTCAATAATAATCACAATAACAATCTCTAGGCCATTTAATCTTTCCATTAATCGGATTT
GTTTTTTTAAATATAGAATAACTGGATCTCTATGTTAAAATAATAAAACATACATTCTGATTTTACCAGTCAAGATTGTACGCTACT
TAAAAGTATGTATAAAACATCATCTGTATGTATAATTGTTTAACTGTTAACTAATAGTCCAAATAATTGTGTAATGGARATGTATTA
ATTGTCATTTAATATCATTTGCTTGAATTTATCACCATGTGTTTTTGTTTGTTTTTACACAGTTGCGAAAGTGGATCCATGGETAAGG
ACTTCTACCATCATTACTGTGTATTTTTAATAGTATTATCATCAGTACTGTTATTGATATTTTCTCTTGTCTCGCTGACTCTCTCCA
TCAGACTCATCCATGGGCATCACGETTACGACGAGCAGCAGGAGCTCGACAAGCGCGCAGTCGATGAAA

//

NRC-~20
TTATGAAGTTCACTGCCACCTTCCTGETGTTGTTCATGETCEGTCCTCATGECTGAACCTGGAGAGEETTTTTTGGGAATTCTTTTTC
ACGEEETCCACCATGGTAGAGTCACGGAATTAATTCGATTTTTACATGGCAAATATTTTARGATAACACACCATATGAGTAGTCGAT
ATATTTGACCAATTAGAATCACTTTAATTTCAATAATAATCACAATAACAATCTCTAGGCCATTTAATCTTTCCATTAATCGGATTT
GTTTTTTTAAATATAGAATAACTGGATCTCTATGTTAAAATAATAAAACATACATTCTGATT TTACCAGTCARGATTGAACACTACT
TAAAAGTATGTATAAAACATCATCTGTATGTATAATTGTTTAACTGTTAACAATAGTCCAAATAATTGTGTTATGGAAATGTATTAA
TTPETCATTTAATATCATTTGCTTGAATTTATCACCATGAGTTTTTTGTTTGTTTTTACACAGGTAGAAAGAAGGCCTTGCAGTAAGG
ACTTCTACCATCATTACTTTGTAATTTTTATAGTATTATCATCAGTACTGTTATTGACAACTTCTCTTGTCTCGCTGACTCTCTCCA
3;AGGATGAACTCAGAGCGTCGCAGTTACGACGAGCGGCAGCAGCAGCAGCAGGAGCTCGACAAGCGCGCAGTCGATGAAA
NRC-101
GCCCACTTTGTATTCGCAAGGTAAGATCGATATTTTTCARACTCATTTAGACGAGACCAAGCATTTGTTGAAATGTGATAAGCTTCT
AACTTTATAATGCAAATGTTAACAATCTTTTTGTTCTGTTGT TTTTGTAGGATGAAGTTGECTGCCECCTTCCTGGTGCTGTTCCTG
GTCGTCCTCATGGCTGAACCTGCAGAGGETTTCTTGGGATTTCTTTTTCACGGTATCCACCATGGTAAAGTCACTCATTTAATACAT
TTTTACATGGCAAATATTTGAATATAACATACTATATGAGTTGTCAATATATGTGGCCAAGTAGAAGCACTTTGATTTCAATAATAA
TCAAAATAACAATCACTAAGCCATTTAATAATTGAATTAATTACATTTGTTTTAAAAAAATATAGAATAACTGGATCTTTATGCTAA
AATAATTAAACCTAAATTCAGATTTTACCACTCAAGATTGAACACTACTTAAAAGTATGTAARAAAAACATCATCTGTATGTATAAT
TAAATACTAGTCCAGTTAATTGTTTTATGGAAATGTGTTAATTGACATATATCATTTGCTTGAACTTATAATGTGCTTTGTTTGTTT
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TTACACAGGTATCAGGGCGATCCATCAGTAAGGACTTCTACCATCATGACTGTGTATTTTTAATAGTATTATCATCAGTACTTTTAT
TAACAACTTCTCTTGTCTCGCTGACTCTCTCCATCAGTCTCATCCATGGTCAAAGATACGACGAGCAGCAGGAGCTTGACARGCGCT
C?GTCGATGACAACCCCGGTGCTATTGTTTTTGACTGAAGACGTCGCCTTGAAGGAGCCTTCAG

/

NRC-102
ATGAAGTTCACTGCCACCTTCCTGATGTTGTCCATGGTCEGTCCTCATGEGCTGAACCTGCAGAGGGTTTCTTTGGAGCCCTTATCAAA
GGGEGCCATCCATGGTGGCAAGTTGCTCCATAAACTCATCARAARAAAACATGAACATCACGEGTTATGGCAAGCATTGGGGCCTTGAC
AAGCGCGCAGTCGATGA

NRC-103
TTGAAACTGAGGAAGTGAGAGGAGGACTAGGTCCTGTGTTTTCAGTCGTTGAATTATCTAACACTATCTGAGCCCCTCCTGCAATAA
CTCTAAATGTTACACAGTGACTAGGAAGTCAGTCCTGTGTATATAAAGAGTTGCATCTGTTGTTATCAGTAGACAACAGATTACACC
TTTGAATCTCACAAAGCTCATTTTGTATTCGACAGGTAAGATCGATATGTTTCAAACTCATTTAGATGAGACCARGCATTTGGGAAA
TGTEOTCAGCTTCTAACTGTATGATGCAAATGTTAACAATCTTTTTGTTCTGTTGTTTTGTAGGATGAAGT TGGCTGCCGCCTTCCT
GGTGCTGTTCCTGGTCGTCCTCATGGCTGAACCTGGAGAGAGTTTTTTGGGATTTCTTTTTCATGGTATCCGCCATGGTAGGGTCAC
TGAATTGATACATTTTTACATGGCAAATATTTGAATGTAACATACTATATGAGTTGTCAATATATGTGGCCAAGTAGAAGCACTTTG
ATTTCAGTAATAATCAAAATAACAATCACTAGGCCATTTAATAATTGCATTAATTACACTTGTTTTTATATAGAATATAGAATAACT
GGATCTTTATGCTAAAATTAATAAACATGAATTCAGATTTTAAGATTTTTCAAGATTGAAAACTACTTAAAAGTATGTAAAAAAACA
TCATCTGTATGTATAATTAAATACTTGTCCAGATAATTGTGTTGTGGAAATGTGTTAATTGACATATATCATTTGCTTGAATTTATC
ATTATCTGCTTTGTTTGTTTTTACACAGGTATCAAGGCGATCCATGGGTAAGGACTTCTACCTTCATGACTGTGTATTTTTAATAGT
ATTATATTCAGTACTGTTATTGAARACTTCTCTTGTCTCGCTGACTCTCTCCATCAGAATGATCCATGGTAACAGTTTAGACGAGAT
GCAGGAGCTCGACAAGCGCTCATTCGATGACAACCCCAACGCAATTGTTTTTGACTGAAGAAGTCGCCCTGAAGGAGCCTTCAGATG
ATATATAATGCTTCTTGCTTTTCAATGAAATAAATTGAATAATTACCCGCAACAGC

//
NRC-104
TACTTTTATCTACCACTATGTGAGCTCCTCCTGTTATAACTCTAAATGTTACACAATGAAGATGAGGTCAATTCTGTGTATATAAAG
AGTTGCCOTCTGTATAGTAGACAACATATTTCACCTTTGAATCCCACAAAGCTCACTTTGTACTCAACAGGTARGATCGATATTTAAA
AACTAATTTAGACGAAACCAAGCATTTTGGGGAATTTGCTCAACTTCTAAATGTATGATACAAATGTTAACAATCTTTTATTTCTGT
TGTTETTTTTTGTAGGATGAAGTTCACTGCCACCCTCCTCCTGTTGTTCATCTTCGTCCTCATGGTTGATCTCGGAGAGGGTCETCG
TAAGAAAAAGGGGTCGAAGAGAAAGGGGTCCAAGGGAAAGGGGTCCAAGGGAAAGGGCAGGTGGTTGGACAGGATTGGTAAAGGTAG
AGTCACGGAATTAATTTGCTTTTTACATTGCAAATATT TTTCATATAACATTGCTGGAARATCACAAAAATAAGTAGTCAATATATT
TGGCCAAATAGAATCACTTTGATTTCAATAATAATCAAAATAACAACCTAAAAGGCCTTTGATTAGCATGTTCCTTCAATGAAATGG
ACATTGTAATTTACTTTGATTCTCACATGCTACGACCTGCTGCAGCAACATTTGAAAATAAATTTGTCCCAGAAGATTTTAAAGTAC
ATTGTTATAGGCGATTTATCTTTCTATTACTCAGATATTTGTTCAAACCAATAGAATAACTGGATCTCTATGCTAAAATAATAAAAC
ACACATTCAGATGTTACCAGTCAAGATTGAACGCTGTTTAAAAGTAAGTATGAAACATCCTCTGTATGTATAATTGTTTAACTGGTA
ACTTATAGTCCTAATAATTGCGTTATGGAAATGTATTAATTGTCATTTAATATAATTTGCTGGAATTTATCACTGTGTGTTTTTGTT
TGTTTTTACACAGCTGGCGGGATAATTATCGEGEEGECCCTTGAGTAAGGACTTCTACCATCATTACTGTGTAATATTTATAGTTAT
GATCAGTACAGTTATTAACAACTTCTCTTGTCTCGCTGAACTTCTCCATCAGTCACCTCGGGCAGGGGCAGGTGCAGGGGCCGGATT
ACGACTACCAGGAGCGGGAGEAGCTCAACAAGCGCTCAGACGATGATGACAGCCCCAGTCTTATTTTTTTTGACTGAAGAAGTCGCC
;TGAAGGAGCCTTCAGATGATATATAATGCTTCTGGCTTTTCATTGAAATAAATAATACGTTTACCTGCAACAGCAACCATG

/
NRC-105
TTATGAAGTTCACTGCCACCTTCCTGGTGTTGTTCATGGTCGTCCTCATGGCTGAACCTGGAGAGGGTTTGGGAAATTGGATGGGGC
COCATATCAGCCEGTAGAGTCACGGAATTAATTTGCTTTTTCCATTGCARATATTTTAATATTGCATAGCTGGAARATCACGAAATAA
GTAGTCGATATATTTGGCCAAATAGAATCACTTTGATTTCAATAATAATCAAAATAACAATCAAAAAGGCCTTTGATTAGCATGTTC
CTTCAATAAAATGGACATTGAAGTTTATTTTGATGCTCACATGCACCGACCTGCTGCGGCAACAATTGAAATCAAATTTGTCTCAGA
ATTTAAAGTACATTTTTCTAGGTGATTTAATCTTTCCATTAACTTGATTTGTTTTTATAAATATAGAATAACTGGATCTTTATGCCA
AAATAATAAAACACACATTCTGATTTTACCAGTCAAGATTGAACACTACTTAAAAGTAATATAAAACATCATCTGTATGTHIAATTG
TTTAACTGTTAACAAAAGTCCAAATAATTGTGTTATGGAAATGTATTAATTGTCATTTAATATCATTTGCTTGAATTCATCACCATG
TGTTTTTTGTTTCTTTTTACACAGETGAAAAGAAGGCCTTGCAGTAAGGACTTCTACCATCATTACTTTGTARTTTTTATAGTATTA
TCATCAGTACTGTTATTGACAACTTCTCTTGTCTCGCTGACTCTCTCCATCAGGATGAACTCAGAGCGTCGCAGTTACGACGAGCGG
CAGCAGCAGCAGCAGGAGCTCGACAAGCGCGCAGTCGATGA

NRC-106
ATGAAGTTCACTGCCACCTTCCTGGTGTTGTTCATGGTCGTCCTCATGGCTGAACCTGGAGAGGGTTTGGGAAATTGGATCGTGCGC
CCTATCGGAGGTGAAAAGAAGGCCTTGCAGATGAACTCAGAGCGTCGCAGTTACGACGAGCGGCAGCAGCAGCAGCAGGAGCTCGAC
AAGCGCGCAGTCGATGAAA

NRC-107
ATGAAGTTCACTGCCACCTTCCTGGTGTTGTTCATGGTCGTCCTCATAGCTGAACCTGGAGAGAGTCTTTTTGGAAAGTTCCTCAAG
AAAGTTGTCCATGCTGGCACGTCAATTGGCGAGACAGCCTTGCATGTCGCCGCAGAGCATCACGEGGCTTCATGCGCATCACGGGTGT
CACGEGCETCACGGEGGETCACAGGCGTCACGGGEETCACAGGCETCACGEGECGTCGCGGTTACGACCGAGCAGCAGCAGGAGGAGCTC
GACAAGCGCGCATTCGATGA

//

NRC-108
TATGAAGTTCACTGCCACCTTCCTGGTGTTGTTCATGGTCGTCCTCATGGCTGAACCTGGAGAGGGTTTGGGAAATTGGATGGGGCC
CCATATCAGCGGTAGAAAGAAGGCCTTGCACATGAACTCAGAGCGTCGCAGTTACGACGAGCGGCAGCAGCAGCAGCAGGAGCTCGA
CAAGCGCGCAGTCGATGAAA

//

NRC-109
ATGAAGTTCACTGCCACCTTCCTGETGTTGTTCATGETCGTCCTCATGGCTGAACCTGGAGAGTGTTTTTTGGGATTGCTTTTTCAC
GGEGETCCACCATEETAGGETCACGGAAGTAATTCGATTTTTACATGGCAAATATTTTAAGATAACACACCATATGAGTAGTCGATAT
ATTTGGCCAATTAGAATCACTTTGATTTCAATAATAATCAAAATAACAATCTCTAGGCGATTTAATATTTGCATTAATTGGATTTGT
TTTTAAAAATATAGAATAACTGGATCTTTATGGTAAAATAATTARACATACATTCTGATTTTACCAGTCAAGATTGAACACTACTTA
GAAGTATGTATAAAACATCATCTGTATGTATAATTGTTTAACTGTTAACGAATAGTCCAAATAATTGTGTTATGGAAATGTATTAAT
TGTCATTTAATATCATTTGCTTGAATTTATCACCATGTGTTTTTGTTTGTTTTTACACAGTTGGAAAGTTGATCCATGGGTAAGGAC
TTCTACCATCATTACTGTGTATTTTTAATAGTATTATCATCAGTACTATTATTGACAACTTCTCTTGTCTCGCTGACTCTCTCCATC
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?GACTCATCCATGGCGGTTACGACGAGCAGCAGGAGCTCGACAAGCGCGCAGTCGATGAA

/

NRC-110
GCCCACTTTGTATTCGCAAGGTAAGAGCGATATATTTCAAATTCATTCGGATGAGACCAAGCATTTGGGARATGTGCTCAGCTTGTT
ACTGTTTAATGCAAATGTTAACAATATCCTTTTTCTGTTGTTTTTGTAGAATGAAGTTCGCTGCCGCCTTCCTCATGATGTTCATGG
TCGETCCTCATCGCTGAACCCGGAGAGGCTCGTTGGEGAACGTTCTTCAAACATATTTTCAAAGGTAGAGT CACAGAATTAATTTGCT
P TTTACATTGCAAATATTTTCATATAACATAGCTGGAAAATCACAAAAATAAGGGCTTGATATATTTGGCAAAGTAGAATCCCTTTG
ATTTCAATAATAATCAAAATAAAAATCAGAAAGGCCTTTGATTAGCATGTTCCTTCAATAARATGGACATTGTAGTTTATTTTGATT
CTCAAATGCACCAACCTGCTGCGGCAACAATTGAAATCAAATTTGTCTCCGAAACATTTAAAGTACATTTTTCGAGGCAATTTAATC
TPTCCTTTGATCGAATTCATTTTTAAAAATATAGAATAACTGGATCTTTATGCTAAAATAATAAATCATACATTCTGATTTTACCAG
TCAAGATTGAACGCTACTTAAAAGTATGTATAAAACATCATCTGTATGTATAATTGTTTAACTTTTAACTAATAGTCCTAATAATTG
TGTTATGGAAATGTATTCATTGTCATTTAATATCATTTGCTTGAATTTATCACCATGTGTTTTTGTTTGTTTTTACACAGCTGGAAG
GTTCATCCATGGETAAGGACTTCTACCATCATTACTGTGTATTTTTAATAGTAT TATCATCAGTACTGTTATTGATAACTTCTCTTG
TCTCGCTGACTCTCTCCATCAGTGCGATCCAGGCACACAATGACGGCGAGCAGCAGGATCTCGACAAGCGCTCAGTGGATGATGAGC
CCAGTGTTATTGTTTTTGAATGAAGAAGTCGCCTTGARGGAGCCTTCAG

//

NRC-111
GCCCACTTTGTATTCGCAAGGTAAGAGCAATATATTTCAAATTCATTTAGACGAGACCAAGCATTTGGGATCTGTGCTCAACTTGTA
ACTETATAATGCARATGTTAACAATATTCTTTTTCTGTTGTTTTTGTAGAATGAAGTTCGCTGCCGCCTTCCTCATGATGTTCATGG
TORTCCTCATEGCTGAACCCGGAGAGGETECTTGGATACCTGCCTTGAATAGGATCTATCATGEGTAGAGTCACAGAGTTAATTTGCT
TTTTACATTGCAAATATTTTAATATAACATGGCTGGAAAATCACAAAAATGAGTACTCGATATATTTGGCAAAGTAGAATCCCTTTG
ATTTCAATAATAATCAAAAACACAATCAAAAAGGCCATTGATTAGCATGTTCCTTCAATGAAATGGACATTGTAGTTTATTTTGATT
CTGACATGCACCAACTTGCTGCGGCAACAATTGAATTCAAATTTGTCTCAGAAAAATTTAAAGTACATTTTTCTTTCCATTAGTCGG
ATTTETTTTAAAAAATACAGAATAACTGGATCTTTATGCTAAAATAATAAATCATACATTCTGATTTTACCAGTCAAGATTGAACGC
TACTTAAAAGTATGTATAAAACATCATCTGTATTGATAATTGTTTAACT TTTAACTAATAGTCCTAATAATTGTGTTATGGAAATGT
ATTCATTGTCATTTAATATCATTTGCTTGAATTTATCACCATGTGTTTTTGTTTGTTTTTACACAGCTCTACTGAGGATCAATCGGT
AAGGACTTCTACCATCATTACTGTGTAATTTTAATAGTATTATCATCAGTACTGTTATTGATAACTTCTCTTGTCTTGCTGGCTCTC
TCCATCAGCCAAATGGTETATTATCETCGGCACTGGCACGETGACGTCGAGCAGCAGGCTCTCGACAAGCGCTCAGTGGAGGACCAG
CCCAGTTCTATTGCTTCTGCCTGAAGAAGTCGCCTTGAAGGAGCCTTCAG

//

NRC-112
GCCCACTTTGTATTCGCAAGGTAAGAGCAATATATTTCARATTCATTTAGACGAGACCAAGCATTTGGGATCTGTGCTCAACTTGTA
ACTETATAATGCAAATGTTAACAATATTCTTCTTCTGTTGTTTTTGTAGAATGAAGTTCGCTGCCGCCTTCCTCATGATGTTCATGG
TCGTCCTCATGGCTGAACCCGGAGAGGETECTTGGATGCCTGCCTTGAATAGGATCTATCATGGTAGAGTCACAGAGTTAATTTGCT
TTTTACATTGCAAATATTTTAATATAACATGGCTGGAAAATCACAAAAATGAGTACTCGATATATTTGGCAARGTAGAATCCCTTTG
ATTTCAATAATAATCAAAAACACAATCAAAAAGGCCATTGATTAGCATGTTCCTTCAATGAAATGCACATTGTAGTTTATTTTGATT
CTGACATGCACCAACTTGCTGCGGCAACAATTGAATTCAAATTTGTCTCAGAAAAATTTARAGTACATTTTTCTTTCCATTAATCGG
ATTTGTTTTAAAAAATACAGAATAACTGGATCTTTATGCTARAATAATAAATCATACATTCTGATTTTACCAGTCAAGATTGAACEC
TACTTAAAAGTATGTATAAAACATCATCTGTATTGATAATTGTTTAACTTTTAACTAATAGTCCTAATAATTGTGTTATGGAAATGT
ATTCATTETCATTTAATATCATTTGCTTGAATTTATCACCATGTGTTTTTGTTTGT TTTTACACAGCTCTACTGAGGATCAATCGGT
AAGGACTTCTACCATCATTACTGTGTAATTTTAATAGTATTATCATCAGTACTGTTATTGATAACTTCTCTTGTCTTGCTGACTCTC
TCCATCAGCCAAATGGETGTATTATCGTAGGCACTGGCACGETGACGTCGAGCAGCAGGCTCTCGACAAGCGCTCAGTGGAGGACCAG
CCCAGTTCTATTGCTTCTGCCTGAAGAAGTCGCCTTCAAGGAGCCTTCAG

// :

NRC-113
ATGAAGTTCACTGCCACCTTCCTGETGTTGTTCATGETCGTCCTCATGECTGGATCCGCGAGAGTGTGGTTGGAAAAAGTGGTTCACT
AAAGGTGCCAAGCACCTTGGCCAGGCGGCCATTAACGETTTGGCCTCTTGCGAAGAGCAGCAAGAGCTCGACAAGCGCTCAGAGEAT
GACGAGCCCAGTGCTATTGTTTTTIGAA

NRC-114
ATGAAGTTCACTGCCACCTTCCTGGTGTTGTTCATGETCGTCCTCATGGCTCGGATCCGGAGAGTGTGGTTGGARAAAGTGGCTCCGT
AAAGGTAGAGTCATGGATTTAATTTGCTTTTTACATTGCAAATACTTTAATATAACATAGTTGGAAAATCACARAARTARGTAGTCG
ATATATTTGGCCATATAGAATCACTTTGATTTCAATAATAATCAAAACAACAATCAARAAGCCCATTGATTAGCATGTTCCTTCACT
AAAATGGACATTGTCATTTATTTTGATTCTCACAGGCACCAACCTGCTACGGCAACAATTGARATCAAATTTGTCTCAGAAGAATTC
AAAGTACATTGTTCTAGGCGATTTAATCTTTCCATTCATCGGATTTGTTTTTAAAAATATAGAATAACTGGATCTCTATGTTAAAAT
AATAAAACACACATTCTGATTTTACCTGTCAAGATTGAACACGACTTAAAAGTATGTATAAAACATCATCTGTATGTATAATTGTTT
AACTGTCAACTAATAGTCCAAATAATTGTGTTATGGAAATGTATTCATTGTCATATAATATCATTTGCTTGAATTTATCACCATGTG
TP TETTTETTTTTACACAGGTGCCAAGCACCTTGGCCAGGCGGCCATTAAGTAAGGACTTCTACCATCATTACTGTGTAATTTTA
ACAGTATTATCATCAGTACTGTTATTGACAACTACTCTTGTCTCTGTGACTCTCTCCAGGGGTTTGGCCTCTTGCGAAGAGCAGCAG
GAGCTCGACAAGCGCTCAATGGATGACGAGCCCAGTGCTATTGTTTTTGACTGAAGAAGTCGCCTTGAAGAGCCTTCAG

/
NRC-115
GCCCACTTTGTATTCGCARGGTAAGAGCGATATATTTCAAACTCATATAGACGAGACCAAGCATTTGGGARAATGTGCTCAGCTTGTT
ACTGTATAATGCAAATGTTAACAATGTTTTTGTTCTGTTGTTTTTGCAGAATGAAGCTCGCTGCTGCCTTCCTGGTGTTGTTCATGG
TCRTCCTCATGECTGAACATGGAGAGEGTTTTGGGGATTTCTATATGAAGCCTGGTAGAGTCACGGAATTAATTCGATTTTAACATG
GCARATATTTTACTATAACATACCATATGAGTAGTCGATTAATTAATTGGATTTGTTTTTARAAAATATAGRAATAATTGGATCTTTAT
GCTAAAATAATTARACATACATTCTGATTTTACCAGT TARGATTGAACGCTACTTARAAGTATGTATAAAACATCATCTGTACATAT
AATTGTTTAACTGTTAACCAATAGTCCAAATAATTGTGTTGTCGGAAATGTATTAATTGTCATTTAATATCATTTGCTTGAATTTGTC
ACCATGTGTTGTTGTTTGTTTTTACACAGGTAGAAAGATTTCCCATGGGTAAGGACTTCTACCATCATTACTGTGTATTTTTAGCAG
TATTATCATCAGTACTGTTATTGATAACTTCTCTTGTCTCGCTGACTCTCTACAGGTACATCAGAAGTCCTTATGGTTACGACGAGC
A?CAGGAGGTCGACAAGCGCTCAGTCGATGACAACCCCAGTGCCATTGCTTCTGACTGAAGAAGTCGCCTTGAAGGAGCCTTCAGA

/

NRC-116
ATGAAGTTCACTGCCACCTTCCTGGTGTTGTTCATGGTCGTCCTCATGECTGAACCTGGCGAGGGT TATTGGCGCTTCCGCAACCAC
CGTGGTGAAAGGTTATCCCAGAGGCATTTCGCTGACGTCGAGCAGCAGGAGCTCGACAAGCGCTCAGTGGATGACGAGCCCAGTTCT
ATTGCTTTTGA
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NRC~117
ATGAAGTTCACTGCCACCTTCCTCGTGTTGTTCATCGTCATGTTTGAACCTGGAGAGTGTTTTTGGAATGCTTTTTCACCGGGTCCA
CCATGGTCGGGTCACGGAAGTAGTTCGATTTTTACATGGCAAATATTTAAATGAAACATACCATATGAGTAGTCGATATATTTGGCC
AAGTAGAATCACTTTGACTTCAATAATAATCAAAAACATAATCARAAAGCCCATTGAT TAGCATGTTCCTTCAATGARATGGACATT
GAGGTTTATTTTGATTCTCACAGGCACCAACCTGCTGCGGCAACAATTGCATTCAAATTTGTCCCAAAGAAACTTAATTAACATTTT
CTGGCGATTTAATCTTTGCATAAAT TGCATTTGTTTTTAAAAATATAGAATAACTGGATCTTTATGCTCAAATAATTAATCATACAT
TCTTATTTTATCAGTCAAGATTGAACGCTACTTAAAAGTATGTATAAAACATCATCTGTATGTATAATTGTTTAACTTTTAACTAAA
AGTCCTAATAATTGTGTTATGGAAATGTATTAATTGTCATTTAATATCATTTCCTTGAATTTATCACCATGTGTTTTTGTTTGGTTT
TTACACAGCTGGAAGGTTGATCCATAGGTAAGGACTTCTACCATCATTACTGTATAATGTTAATAATAGCATTATCATCAGTACTGT
TATTGATAACTTCTCTTGTCTCGCTGACTCTCTCCATCAGATTCATCAAACGTCACGGTGACGTCGAGCAGCAGGAGCTCGACAAGC
GCTCAGTGGATGACGAGCCCAGTTCTATTGCTTTTGCCTGAAGAAGTCGCCTTG

//

NRC-118
ATGAAGTTCACTGCCACCTTCCTGGTGTTGTTCATGGTCGTCCTCATGGCTGAACCTGGAGACTGTATTTTTGGATTGATTGCGACT
GCGGTCCACAATGGTAAGTCAAGGAATTAATTCGATTTTTACGTGGCAAATATTTTAGTATAACATACCTTATGAGTAGTCGATATA
TTTGACCAAGTAGAATCATTTTGACTTCAATAATAATCAAAATAACAATCTCTAGGCAATTTAATATTTGCATTAATTGGATTTGTT
TTTAAAAATATAGAATAACTGGATCTTAATGCTAAAATAATTAAACATACATTCTGATATTACCAGTCAAGATTGAACGCTACTTAA
AAGTATGTATAAAACATCATCTGTATGTATAATTGTTTAACTGTCGACTAATAGTCCTAATAATTGTGTTATGGAAATGTATTCATT
GTCATATAATATCATTTGCTTGAATTTATCACCATGTGTTTTTGTTTGTTTTTACACAGCTGGAAGGTTGATCCATAGGTAAGGACT
TCTACCATCATTACTGTATAATTTTAAGAGCATTATCATCAGTACTGTTATTGATAACTTCTCTTGTCTCGCTGACTCTCTCCATCA
GACTACTCGGCTTTCATCATGGGCCTCCCGGGTTCTGGCACGGTGACGTCGAGCAGCAGGAGCTCGACAAGCGCTCAGTGGATGAGG
AGCCCAGTTCTATTGCTTTTGACTGAAGAAGTCGCCTTGAAGGAGCCTTCAG

NRC-119
ATGAAGTTCACTGCCACCTTCCTGGTGTTGTTCATGGTCGTCCTCATGGCTGAACCTGGAGACTGTATTTTTGGATTGATTGCGACT
GCGGTCCACAATGGTAAGTCAAGGAATTAATTCGATTTTTACTTGGCAAATATTTTAGTATAACATACCTTATGAGTAGTCGATAIA
TTTGACCAAGCAGAATCATTTTGATTTCAATAATAATCAAAATAACAATCTCTAGGCAATTTAATATTTGCATTAATTGGATTTGTT
TTTAAAAATATAGAATAACTGGATCTTAATGCTAAAATAATTAAACATACATTCTGATATTACCAGTCAAGATTGAACGCTACTTAA
AAGTATGTATAAAACATCATCTGTATGTATAATTGTTTAACTGTCGACTAATAGTCCTAATARTTGTGTTATGGAAATGTATTCATT
GTCATATAATATCATTTGCTTGAATTTATCACCATGTGTTTTTGTTTGTTTTTACACAGTTGGAAGGTTGGTCCATGGGTAAGGACT
TCTACCATCATTACTGTATAATTTTAAGAGCATTATCATCAGTACTGTTATTGATAACTTCTCTTGTCTCGCTGACTCTCTCCATCA
GACTACTCGGCTTTCATCATGGGCCTCCCGGGTTCTGGCACGGTGACGTCGTGCAGCAGGAGCTCGACAAGCGCTCAGTGGATGAGG
AGCCCAGTGCTATTGTTTTTGAATGARGAAGTCGCCTTGAAGCGAGCCTTCAG

//

NRC-120
ATGAAGTTCACTGCCACCTTCCTGGTGTTGTTCATGGTCGTCCTCATGGCTGAACCTGGAGACTGTATTTTTGGATTGATTGCGACT
GOGGTCCACAATGGTAAGTCAAGGAATTAATTCGATTTTTACGTGGCARATATTTTAGTATAACATACCTTATGAGTAGTCGATATA
TTTGACCAAGTAGAATCATTTTGGTTTCAATAATAATCAAAATAACAATCTCTAGGCAATTTAATATTTGCATTAATTGGATTTGTT
TTTAAAAATATAGAATAACTGGATCTTAATGCTAAAATAATTAAACATACATTCTGATATTACCAGTCAAGATTGAACGCTACTTAA
AAGTATGTATAAAACATCATCTGTATGTATAATTGTTTAACTGTCGACTAATAGTCCTAATAATTGTGTTATGGAAATGTATTCATT
GTCATATAATATCATTTGCTTGAATTTATCACCATGTGTTTTTGTTTGTTTTTACACAGTTGGAAGGTTGGTCCATGGGTAAGGACT
TCTACCATCATTACTGTATAATTTTAAGAGCATTATCATCAGTACTGTTATTGATAACTTCTCTTGTCTCGCTGACTCTCTCCATCA
GACTACTCGGCTTTCATCATGGGCCTCCCAGGTTCTGGCACGGTGACGTCGAGCAGCAGGAGCTCGACAAGCGCTCAGTGGATGAGG
AGCCCAGTGCTATTGTTTTTGAATGAAGAAGTCGCCTTGAAGGAGCCTTCAG

//

NRC-121
ATGAAGTTCACTGCCACCTTCCTCGTGTTGTTCATGGTCATCGTCATGTTTGAACCTGGAGAGTGTTTTTTTGGAATGCGTTTTCAC
GGGGTCCACCATGGTAGGGTCACAAAAGTGATTTGATTATTACATGCCAAATATGTTAATGAAACATACCATATGAGCAGTCGTATT
ATTTGGACAAGTAGAATCACTTTGATTTCAATAGTAATTAAAATAACAATCAAAAAGGCCTTTGATTAGCATGTTCCTTCAATGAAA
TGGACATTGAGGTTTATTTTGATTCTCACCTGCATCGACCTGCTGCGGCAACTATTGAAATCAAATTTGTCCCAGAAGAAACTAAAT
TAACATTTTCTAGGCCATCTAATCTTTGCATGAATTGGATTTGCTTTCAAAAATATAGAATAACTGGATATTTATGCTARAATAATA
AAAACACACATTCTGATTTTACCAGTCAAGATTGAACACTACTTAAAAGTACGTATAAAACATCATCTGTATGTATAATTGTTTGAC
TTTTAACAAATAGTCAAAATGATTGTTATGGAAATGCATTAATTGTCATTTAATATCATTTACTTGAATTTATCACCATGTGTTTGT
TTGTTTTTTAGCAGGTGGAGGTTTTCTCAATGCGCAAGGACTTCTACCATCATTACTGTGTAATTTTAATAGTATTATCATCAGTAC
TCTTATTGACAACGTCTCTTGTCTCGCTGACTCTCTCTATCAGATTAAACCCAGGGTATCGCGGTTACGACGAGCAGCAGGAGCTCG
ACAAGCGCGCAGTCGATGA

//

NRC-122
ATGAAGTTCACTGCCACCTTCCTGGTGTTGTCCTTGGTCGTCCTCATGGCTGAACCTGGAGAGGGTTTCTTTGGAGCCCTTCTCAAA
GGTAGAGTCACGGAATTAATTTGATTGTTACATGGCAAATAATTTTGTATAACATATCATATGAGCAGTCGATGTATTTGACCAAGA
AGAATCATTTTGATTTCAATAATAATCAAAATAACAATCTCTTGGAGATTATATATTTGCAATAATTGGATTTTATAAAATATAGAA
CAACTGGATCTTAATGCTAAAATAATTAAACATACATTCTGATTTTACCAGTCAAAATTAACCACTACTTTAAAGTATGTATAAAAC
ATCATCTGTATGTTTAATTGTTTAACTTTTAACAAATAGTCCAAATAATTGTGTAATGGAAATGTATTCATTGTCATATAATATAGT
TTGCTTGACTTTATCACCGTGTGTTTTTGTTTGTTTTTTCACAGGTGCCCAGGCGCTCCATGGGTAAGGACTTCTACCATCATGACT
GTGTAAGTTTAATAATATTATCATCAGTACTGTTATTAACGACTTCTCTTGTCTCGCTGACTCTCTCCATCAGAATCATCCACAATG
CTCGTCACGGTTACGACGAGCAGCAGGAACTCAACARGCGCGCAGTCGATGA

NRC-123

GCCCACTTTGTATTCGCAAGGTAAGATCAATATTTTTCAAATTCATTTAGACGAGACCAACCGTTTGCGAAATGTGCTCAGCTTGTT
ATTGTATAATAACAAAGTTAACGATCTTTATTTTTCTGTTTTTTTGTAGAATGAAGTTCACTGCCACCTTCCTGATGTTGTTCATCT
TCGTCCTCATGGTTGAACCTGGAGAGTGTGGTTGGAAAGATTGGTTTCGTAAGGCTAAGAAAGGTAGAATCACGGAATTAATTAGCT
TTTTACATTGCAAATAGATTTTTTATAACAGCTGGAAATCACAAAAATAAATAGTCGATATATTTGGCCAATTAGAATCACTTTAAT
TTCAATAATAATCTAAATAACAACCTAAAAGGCCTTTGATTAGCATGTTCCTTCAATGAAAAGGACATTGAGGTTTATTTTGATTCT
CACATGCACCGACCTGTGCGGCAACAATTGAATTCAGATTTGTCCCAGAAGAATTCAAAGTACATTTTTCCAGGCGATTAAATCTTT
CCATTACTCGGATTTAAAAATAAATAAATAGAATAACTGAAGCGCTATGATAAAATAATTACACATTCATTCTGATTTTACAAGTCA
AGATTGAACACTATTAAAAAGTGTGTATAAAACATCATCTGTATGTATAATTGTTTAACTGTTAATAGTCTTAATAATTGTGTTATG
GAAATGTATTAATTTACATTTAATATCATTTGCTTGAGTTTACCATCATGTGTTTTTGTTTGTTTTTACACAGTTGGCAAGACTGTT
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GGCGGCTTGGCCCTTAAGTAAGAACTTCTACCATCATTACTGTATAATTTTGATAGTATTATCACCAGTACTGTTATTAACTACTTC
TCTTETCTCGCTGACTCTCTCCATCCGACTCATCCGCAGTCATTACCTTGGCGAGCAGCAGGAGCTTGCCAAGCGCGCAGTCGATGA
CGACCCCAGTGTTATTGTCTTTGACTGAAGAAGTCGCCTTGAAGGAGCCTTCAG

//

NRC-124
ATGAAGTTCACTGCCACCTTCCTCATGATTTTAATCTTCGTCCTCATGGTCGAACCTGCAGAGTGTGGTATTAGGARATGGTTTAAA
AAGGCTGCTCACGGTAAAGTCACGGAATTAATTTGCTTTTTGCTTTACAAATATTTTTTTATAGCAGCTGGAARRAATCACAAARATAA
ATAGTCGATGTATTTGGCCAATTAGAATCACTTTGATTTCARATAATAATCTAAATAGCAACCTARAAGGCCTTTGATTAGCATGTT
CCTTCAATGAAATGGATGTTGAGGTTTATTTTGATTCTCACATGCACCGACCTGCTGCGGCAACAATTGAATTCAAATTTGTCCCAA
AGGAATTCAAAGTAAACTTTTCTAGATGATTTAATCTTTCCATAACTCGGCTTTGTTTTTARAAATATATAATAACTCAATCACTAT
GATAAAATAATAACACATACATTCTGATTTATACAAGACAAGATTGAAAACTTCTTAAAAGTATGTATAARAACATCATCTGTTTGTA
TAATTGTTTATCATTTCACAAAAAGTCCAACTAATTGTGTTATGGAATTGTATAAATTGTCATTTAATATAATTTTTTTGAGTTTAT
CAATATGTGTTTTTGTTTGTTTTACACAGTTGGCAAGGAAGTTGGCARGGATGGCCCTTAAGTAAGGACTTCTACCATTATTACTGTA
TAATTTTGATAGTATTATCACCCGTACTGTTATTGACAACTTCTCTTTTCCTGCTGACTCTCTCCATCTGACTCATCTGCAGTGCTT
GCCTTGACAAGCAGCAGCAGCTCGACAAGCGCGCAGTCGATGA

NRC-125
GCCCACTTTGTATTCGCAAGETAATATCGATATTTTTCAAACTCATTTAGACGAGACCAAGCATTTGGGAAATGTGCTAAGGTTGTT
ACTGTATAATGCAAAATTAATGATCTTTATTTTTCTGTTTTTTTTTGCAGAATGAAGTTCACTGCCACCTTCCTCATGATTTTAATC
TTCGTCCTCATGETCGAACCTGGAGAGTGTGGTTTGAAGAAATGGTTTARAAAGGCTGTTCACGGTAGAGTCACGGARTTAATTTGC
TTTTTGCTTTACAAATATTTTTTTATAGCAGCTGGAAAATCACAAARATAAATAGTCGATGTATTTGGCCAATTAGAATCACTTTGA
TTTCAATAATAATCTAAATAGCAACCTARAAGGCCTTTGATTAGCATGTTCCTTCAATGARATGGATGTTGAGGTTTATTTTGATTC
TCACATGCACCGACCTGCTGCGGCAACAATTGAATTCCAATTTGTCCCAAAGGAATTCAAAGTARACTTTTCTAGGCGATTTAATCT
TTCCATAACTCGGCTTTGTTTTTAAAAATATATAATAACTCAATCCCTATGATAAAATAATAACACATACATTCTGATTTATACAAG
ACAAGATTGAAAACTTCTTGAAAGTATGTATCAAACATCATCTGTTTGTATAATTGT TTAACAGTTCACAAAARGTCCAACTAATTG
TGTTATGGAATTGTATAAATTGTCATTTAATATAATTTTTTTGAGTTTATCAATATGTGTTTTTGTTTGTTTTACACAGTTGGCAAG
AAAGTTGGCAAGGTGECCCTTAAGTAAGGACTTCTACCATTATTACTGTGTAATTTTGATAGTATTATCACCAGTACTGTTATTGAC
AACTTCTCTTTTCCTGCTGACTCTCTCCATCCGACTCATCTGCAGTGCTTACCTTGGCGAGCAGCAGCAGCTCGACARGCGTGCAGT
CGATGAAGAGCCCAGTGTTATTGCTTTTGACTGAAGAAGTCGCCTTGAAGGAGCCTTCAG

//

NRC-126
ATGAAGTTCACTGCCACCTTCCTCATGATGTTCATCTTCGTCCTCATGETTGAACCTGGAGAGTGTGGTTGGAGGAAATGGATTAAA
AAGGCTACTCACGGTAAAGTCACGGAATTAATTCGTTTTTTGCTTTGCAAATATTTTTTTTATAACAGCTGGAAAGTCACAAAAATA
AATAGTCAATATATTTGGCCAATTAGAATCACTTTGAGTTCAATAATAATCTAAATAACAACCAAAAAGGCCTTTCCTTTAATGARAA
TGTACGTTGAAGTTTATTTTGAATCTCACATGCACCGACCTGCTGCGGCAACAATTGAATTCAAATTTCTCCCAGAGGAATTCAAAG
TAAATTTTTCTAGGCGATTTAATCTTTCCATTACTCTGATTTGTTTTAAATATATAGAATGACTCAATTGCTATGATAAAATAATAA
GCCATACATTCTGATTTTTACAAGACAAGATTGAAAACTTCTTAAAAGTACGTATAAAACATCATCTGTATTTATAATTGTTTAACA
TTTAACAAATTGTCCTACTAATTGTGTTATGGARATGTATAAATTGTCATTTAATATCATTTGCTTGAGTTTATCATTATTTGTTTT
TGTTTGTTTTTACACAGTTGCGCAAGCATATTGEGCAAGGCGGCCCTTGAGTAAGAACTTCTACCATCATTACTGTATAATTTTGATAG
TATTATCACCAGTACTGTTATTGACAACTTCTCTTGTCCTGATGACTCTGTTCATCCAACTCATCTGCAGTGCTTACATTGGCGGGA
AGCAAGAACTCGACAAGCGCGCAGTCGATGA

//

NRC-127
ATGAAGTTCACTGCCACCTTCCTCATGATTTTAATCTTCGTCCTCATGGTCGAACCTGGAGAGTGTGGTTGTAAGAAATG
GTTTAAAAAGGCTGCTCACGGTAGAGTCACGGAATTAATTTGCTTTTTGCTTTACAAATATTTTTTTATAGCAGCTGGAA
AATCACAAAAATAAATAGTCGATGTATTTGGCCAATTAGAATCACTTTCATTTCAATAATAATCTAAATAGCAACCTAAA
AGGCCTTTGATTAGCATGTTCCTTCAATGAAATGGATGTTGAGGTTTATTTTGATTCTCACATGCACCGACCTGCTGCGG
CAACAATTGAATTCCAATTTGTCCCAAAGGAATTCAAAGTAAACT TTTCTAGGCGATTTAATCTTTCCATAACTCGGCTT
TGTTTTTAAAAATATATAATAACTCAATCCCTATGATAAAATAATAACACATACATTCTGATTTATACAAGACAAGATTG
AAAACTTCTTGARAGTATGTATCAAACATCATCTGTTTGTATAATTGTTTAACATTTCACAAAAAGTCCAACTAATTGTG
TTATGGAATTGTATAAATTGTCATTTAATATAATTTTTTTGAGTTTATCAATATGTGTTTITGTTTGTTTTACACAGTTG
GCAAGAACGTTGGCAAGGTGGCCCTTAAGTAAGCGACTTCTACCAT TATTACTGTATAATTTTGATAGTATTATCACCAGT
ACTGTTATTGACAACTTCTCTTTTCCTGCTGACTCTCTCCATCCGACTCATCTGCAGTGCTTACCTTGGTGAGCAGCAGC
AGCTCGACAAGCGTGCAGTCGATGAAGAGCCCAGTGTTATTGCTTTTGACTGAAGAAGTCGCCTTGAAGGAGCCTTCAG

//

NRC-128
GCCCACTTTGTATTCGCAAGGTAATATCGATATTTTTCAAACTCATTTAGACGAGACCARGCATTTGGGAAACGTGCTAA
GGTTETTACTGTATAATGCAAAATTAATGATCTTTATTTTTCTGTTTTTTTTTGCAGAATGAAGTTCACTGCCACCTTCC
TCATGATTTTAATCTTCGTCCTCATGGTCGAACCTGCAGAGTGTGGTATTAGGARATGGTTTAAAAAGGCTGCTCACGGT
AAAGTCACGGAATTAATTTGCTTTTTGCTTTACARAATATTTTTTTATAGCAGCTGGAAAATCACAAAAATAAATAGTCG
ATGTATTTGGCCAATTAGAATCACTTTGATTTCAATAATAATCTAAATAGCAACCTAAAAGGCCTTTGATTAGCATGTTC
CTTCAATGAAATGGATGTTGAGGTTTATTTTGATTCTCACATGCACCGACCTGCTGCGGCAACAATTGAATTCARATTTG
TCCCAAAGGAATTCAAAGTAAACTTTTCTAGGCGATTTAATCTTTCCATAACTCGGGCTTTGTTTTTAAAAATATATAAT
AACTCAATCCCTATGATAAAATAATAACACATACATTCTGATTTATACAAGACAAGATTGAAAACTTCTTGAAAGTATGT
ATCARACATCATCTGTTTGTATAATTGTTTAACATTTCACARAAAGTCCAACTAGTTGTGTTATGGAATTGTATARATTG
TCATTTAATATAATTTTTTTGAGTTTATCAATATGTGTTTTTGTTTGTTTTACACAGTTGCGCAAGARAAGT TGGCAAGGTG
GCCCTTAAGTAAGGACTTCTACCATTATTACTGTATAATTTTGATAGTATTATCACCAGTACTGTTATTGACAACTTCTC
TTTTCCTGCTGACTCTCTCCATCCGACTCATCTGCAGTGCTTACCTTGGCGAGCAGCAGCAGCTCGACAAGCGTGCAGTC
GATGAAGAGCCCAGTGTTATTGCTTTTGACTGAAGAAGTCGCCTTGAAGGAGCCTTCAG

NRC-129

AATGAAGTTCACTGCCACCTTCCTCATAGAATGGTTCATCTTCGTCCTCAATGGGTTGAAACCTGAAGAAGTGTGGTTGE
AAAGAAAGTGGTTTAAAAAGGCTACTCACGGTAAAGTCACGGAATTAATTAGCATTTTTCTTTGCAAATATTTTTTTTAT
ACAGCTCGAAAATTCACAAAAATAAATAGTCGATATATTTGGCCAATTAGAATCACT TTGATTTCAATAATAATCTAAAT
AACAACCTAAAAGGCCTTTGATTAGCATGTTCCTTCAATGARATGGACGTTGAGGTTTATATTGATTCTCACATGCACCG
ACCTGCTGCGTCAACAATTGAATTCAAAT TTGAGAGGAATTCAGCGTAAATTTTTCTAGGCGATTTAATCTTTCCATTAC
TCGGATTTGTTTTTAAATATATAGAATAACTCAATTGCTATGATAAAATAATAACACATACATTCAGATTTTTACAAGAC
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AAGATTGAAAACTTCTTAAAGGTACGTATAAAACATCATCTGTATTTATAATTGTTTAACATTTAACAAATAATCCTACT
AATTGTGTTATGGAAATGTATAAATTGTAATTTAATATAATTTGCTTTAGTTTATCATTATTTGTTTTTGTTTGTTITTA
CACAGTTGGCAAGCATGTTGGCAAGGCGGCCCTTGAGTARGAACTTCTACCATCATTACTGTATAATTTTGATAGTGTTA
TCACCAGTACTGTTATTGACAACTTCTCTTGTCCTGCTGACTCTCTCCATCCGACTCATCCGCAGTGCTTACCTCGGCGA
GAAGCAAGAACTCGACAAGCGCGCAGTCGATG

//

NRC-130
ATGAAGTTCACTGCCACCTTCCTEGTGTTGTTCATGEGTCGTCCTCATGGCTGAACCTGGAGAGEGTTTTTTCGGATTGCTTTTTCAC
GGEGATCCACCATGGTAGGGTCACGGAATTAATTAGATGTTTACATGGCAAATATTTTAAGATAACACACCATATGAGTAGTCGATAT
ATTTGACCAATTAGAATCACTTTAATTTCAATAATAATCACAATAACAATCTCTAGGCCATTTAATCTTTCCATTAATCGGATTTGT
TTTTTTAAATATAGAATAACTGGATCTTTATGCTAAAATAATGAAACATACATTCTGATTTTACCAGTCARGATTGAACGTTACTTA
AAAGTATGTTTAAAACATCATCTGTATGTATAATTGTTTAGCTGTAAACAAATAGTCCARATAATTGTGTTATGGAAATGTATTAAT
TQTCATATAATATAATTTGCTTGAATTTATCACCATGTGTTTTTGTTTGTTTTTTAACACAGCTGGAAAGTTGATCCATGGGTAAGG
ACTTCTACCATCATTACTGTGTATTTTTAATAGTATTATCATCAGTACTGTTATTAACAACTTCTCTTCTATCGCTGACTCTCTCCA
TCAGACTCATCCATCATGGTTACGACGAGCAGCAGGAGCTCGACAAGCGCGCAGTCGATGA

//

NRC-131

ATCAAGTTCACTGCCACCTTCCTGGTETTGTTCATGET CGTCCTCATGGCTGAACCTGGAGAGGGTTTGGCARATTGGATGGGGCCC
CATATCAGCGGTAGAGTCACGGAATTAATTTGCTTTTTCCATTGCAAATATTTTAATATTGCATAGCTGCGAAAATCACGARATARAGT
AGTCGATATATTTGGCCARATAGAATAACTTTGATTTCAATAATAATCAAAATTACAATCAARAAGGCCTTTGATTAGCATGTTCCT
TCAATAAAATGGACATTGAAGTTTATTTTGATGCTCACATGCACCGACCTGCTGCGGCAACAATTGAAATCAAATTTGTCTCAGAAT
TTAAAGTACATTTTTCTAGGTGATTTAATCTTTCCATTCATCTGATTTATTTTATAAATATAGAATAACTGGATCTTTCTGCTAAAA
TAATAAAACACACATTCTGATTTTACCAGTCAAGATTGAACACTACTTAAAAGTATGTATAAAACATCATCTGTATGTATAATTGTT
TAACTGTTAACAATAGTCCAAATAATTGTGTTAAGGAAATGTATTAATTGTCATTTAATATCATTTGCTTGAATTTATCACCATGAG
TP T T TTETTTGTTTTTACACAGGTAGAAAGAAGGCCTTGCAGTAAGGACTTCTACCATCATTACTTTGTAATTTTTATAGTATTATC
ATCAGTACTGTTATTGACAACTTCTCTTGTCTCGCTGACTCTCTCCATCAGGATGAACTCAGAGCGTCGCAGTTACGACGAGTAGCA
G?AGAAGCTCGACAAGCGCGCAGTCGATGA

/

NRC-132
ATGAAGTTCACTGCCACCTTCCTGGTGTTGTTCATGETCETCCTCATGGCTGAACCTGGAGAGTGTTTTTTGGGATTGCTTTTTCAC
GGEETCCACCATGATAGGETCACGGAAGTAAT TCGATTTTTACATGGCAAATATTTTAAGATAACACACCATATGAGTAGTCGATAT
ATTTGATATATTAGAATCACTTTGATTTCAATAATAATCAAAATAACAATCTCTAGGCGATTTAATATTTGCATTAATTGGATTTGT
TTTTAAMAATATAGAATAACTGGATCTTTATGGTAAAATAATTAAACATACATTCTGATTTTACCAGTCAAGATTGAACACTACTTA
GAAGTATGTATAAAACATCATCTGTATGTATAATTGTTTAACTGTTAACTAATAGTCCARATAATTGTCGTTATGGAAATGTATTAAT
TATCATTTAATATCATTTGCTTGAATTTATCACCATGTGTTTTTGTTTGTTTTTACACAGTTGGARATTTGATCCATGGGTAAGGAC
TTCTACCATCATTACTGTGTATTTTTAATAGTATTATCATCAGTACTGTTATTGACAACTTCTCTTGTCTCGCTGACTCTCTCCATC
AGACTCATCCATCACGGTTACGACGAGCAGCAGGAGCTCGACAAGCGCGCAGTCGATGA

NRC-133

GCCCACTTTGTATTCGCAAGGTAATATCGATATTTTTCAAACTCATTTAGACGAGACCAGGCATTTGGGAAACGTGCTAAGGTTGTTACT
ATGCAAAATTAATGATCTTTATTTTTCTGTTTTTTTTTGCAGAATGAAGT TCACTGCCACCTTCCTCATGAT TTTAATCTTCGTCCTCAT!
AACCTGGAGAGTGTGGTATTAGCGAAATGGTTTAAAAAGGCTGCTCACGGTAAAGTCACGGAATTAATTTGCTTTTTGCTTTACAAATATT
ACAGCAGCTGGAAAATCACARAAATAAATAGTCGATGTATTTGGCCAATTAGAATCACTTTGATTTCAATAATAATCTAAATAGCAACCT.
GCCTTTGATTAGCATGTTCCTTCAATGAAATGGGTGTTGAGETTTATTTTGATTCTCACATGCACCGACCTGCTGCGGCAACAATTGAAT
TTTGTCCCAAAGGAATTCAAAGTAAACTTTTCTAGGCGATTTAATCTTTCCATAACTCGGCTTTGTTTTTAAAAATATATAATAACTCAA
ATGATAAAATAATAACACATACATTCTGATTTATACAAGACAAGATTGAAAACTTCTTGAAAGTATGTATCAAACATCATCTGTTTATAT.
TTTAACATTTCACAAAAAGTCCAACTAATTGTGTTATGGAATTGTATAAATTGTCATTTAATATAATTTTTTTGAGTTTATCAATATGTG
GTTTGTTTTACACAGTTGGCAAGAAAGTTGGCAAGGTGGCCCTTAAGTAAGGACTTCTACCATTATTACTGTATAATTTTGATAGTATTK
AGTACTGTTATTGACAACTTCTCTTTTCCTGCTGACTCTCTCCATCCGACTCATCTGCAGTGCTTACCTTGGCGAGCAGCAGCAGCTCGA

GTGCAGTCGATGAAGAGCCCAGTGTTATTGCTTTTGACTGAAGGAGTCGCCTTGAAGGAGCCTTC
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Appendix II. Nucleotide sequences of hepcidin-like genes and cDNAs referred to in
Table 11.

NRC201
CGCCCTTAAGATGAAGACATTCAGTGTTGCAGTTGCAGTGGTGGTCEGTCCTCGCATGTATGTTCATCCTTGAAAGCACCGCTGTTCC
TTTCTCCGAGGTGCCGAACGGAGGAGGTTGARAGCATTGACAGTCCAGTTGGGGAACATCAACAGCCGEGGCEGGCACGTCCATGAATCT
GCCGGTACGTTCAATTTAGTGAATGAATTAAGTAATTACCTTTAGCAAATTAACATCTAAGTGGTTGCGTTTCACCCTTGGAATTGA
ATTAGCCCACTAGCGCTAGTTGTTAACCATTTGATTGTGAGCCGGTAGAGAGGGCTTCAGGGCGAGTAGTGTGAATACTTGTGAAGT
GGAGACTTGGACAAAAATACTTACCATGTGCTTGTTCCCACCTTTTTCATTTTCTTTTCTTGGCTGAGATACAGATGCATTTCAGGT
TCAAGCGTCAGAGCCACCTCTCCCTGTGCCETTGETGCTGCAACTGCTGTCACAACAAGGECTGTGGCTTCTGCTGCAARTTCTGAG
GACCTGCCAGCAAAGGGCGAATTCGTTTAAAACAC

NRC202
AGATGAAGACATTCAGTGTTGCAGTTGCAGTGETGETCETCCTCGCATGTATGTTCATCCTTGARARGCACCGCTGTTCCTTTCTCCG
AGGTGCGAACGRAGGAGGTTCGARAGCATTGACAGTCCAGTTGGGGAACATCAACAGCCGEGCGGCACEGTCCATGARTCTGCCGATGC
ATTTCAGCTTCAAGCGTCAGAGCCACCTCTCCCTEGTGCCATTEGETGCTGCAACTGCTGTCACAACAAGGGCTGTGGCTTCTGCTGCA
AATTCTGAGGACCTGCCAGCA

NRC203
ACGAGGTCCCTCATCCGCTGACACCAAAAGAACAATCAATCAACTTTGGACTCGTCTTAGTGCATTGAAAATTGTGCGTT
GEAGAGCETCGCTTTTTGGGAACATTGAAGAGTTCTGATCTTCCTCATAAACTGTCACTTCAATTTCAACTGATTTCAAC
AGGACTTTTAMATAGGCTATAAACTTCCTAAAAAAAACGAGAATGAAGGCCTTTAGTGTTGCAGTGGTACTCGTCATTGC
ATGTATGTTCATCCTTGARAGCACCGCTETTCCTTTCTCCGAGGTGCGAACGGAGGAGGTTCGAAGCTTTGACAGTCCAG
TTGEGGAACATCAACAGCCGEGCEECGAGTCCATGCATCTGCCGGAGCCTTTCAGGTTCAAGCGTCAGATCCACCTCTCC
CTETGCEETTTETGCTGCAACTGCTGTCACAACATTGGCTGTGGCTTCTGCTGCARATTCTAAGGACCTGCCCGCARCAT
TTTCTAGTTTGTACATGTTTGCAATGTTTTCTTTCTGAGATGTTGTTTTTGTGACTATGATAATGATTTATAAAATCACT
TCTTATTGTGACACTTTAAAAAAAATAAACACATTCTTTGAATACAAAAAAAARARAARRAAA

NRC204

CGAACGGAGGAGGTTGAAAGCATTGACAGTCCAGTTGEGGAACATCAACAGCCGGGCGGCACGTCCATGAATCTGCCGAT
GCATTTCAGGTTCAAACGTCAGAGCCACCTCTCCCTGTGCCGTTGGTGCTGCAACTGCTGTCACAACAAGGGCTGTGGCT
TCTGCTGCAAATTCTGAGGACCTGCCAGCACTARAGCCATTTTATTAACTTATCGCCTTTAATTTGCCCCTATTCTTCTA
yGTTTCTTTTGGACTCTGTGGAGAAGATGCAATCTCATTGACGTCTTTATCACTGCACAACCTCAATCTTGT

/
NRC205
AAGATGAAGACATTCAGTGTTGCAGTGGTACCCEGTCATTGCATGTATGT TCATCCTTGARAGCACCGCTGTTCCTTTCTCCGAGGTG
CGAACGGAGGAGGTTGGAAGCTTTGACAGTCCAGTTGGGGAACATCAACAGCCGEGCGECACGTCCATGAATCTGCCGATGCATTTC
AGGTTCAAGCGTCAGAGCCACCTCTCCCTETGCCGTTGETGCTTCARCTGCTGTCACAACARAGGCTGTGECTTCTGCTGCARATTC
TGAGGACCTGCCAGCA

NRC206
TAAGATGAAGCAATTCAGTGTGGCAGTGGTACTCGTCATGGCATGTATGTTCATCGTGGAAAGCACCGCTGTTCCTTTCTCCCGAGGT
GCGAACGGAGGAGETTGEAAGCTTEGGACAGTCCAGTTGGEGAACATCAACAGCCGEEGCGECEGAGTCCATGCATCTGCCGGAGCCTTT
CAGGTTCAAGCGTCAGATCCACCTCTCCCTGTGCGGTTTETGCTGCAACTGCTGTCACAACATTGGCTGTGGCTTCTGCTGCARATT
CTGAGACTGCCAGCA

NRC207

ACGAGGCACACGCTGACCAGGGGETCACCACAACTTCTGAAGAGACCCAGGTTCCTAGAGAGCCACTAGAGAATCACCCG
GGAGCCCGAAGAACACAGGACGCTGCGGTGCTCETCGETEGCCEGACACCCATGAGACAGAAGACCTACAAGCCTCTCAG
CTTCAGAAGGATTTCCTGACTCAGCATCTAAAACCTCCCTCARAATGAAGGCATTCAGCATTGCAGTTGCAGTGACACTC
GTGCTCECCTTTETTTGCATTCAGTGCAGCTCTGCCETCCCATTCCAAGCEGGTGCAGGAGCTGGAGGAGGCCGGGGGCAA
TGACACTCCAGTTGCGGAACATCAAGTGATGTCAATGGAATCCTGGATGGAGAATCCCACCAGGCAGAAGCGCCACATCA
GCCACATCTCCCTETGCCGCTEGTGCTGCAACTGCTGCAAGGCCAACAAGGGCTGTGGCTTCTGCTGCAAGT TCTGAGGA
TTCCCGCAACACAACCTCACAATGTATTAATTTATTACACTTTTTGTCGAGAAATGTCCTTTTTCTTGACCTCTTTTGTA
ATTTTGTATAATCTTTTAAATAAAACGGGGTACGATTCATGGAAAAAACCCTTTGAATAAAATAAAAAAARAAAAAANNA
AAAAAAC

//

NRC208
AAGATGAAGACATTCAGTETTGCAGTTGCAGTGACACTCGTGCTCGCCTTTGTTTGCATTCAGCACAGCTCTGCCGTCCCATTCCAG
GGGGTAAGAACGCAACTTTAACTCGCTTCATTTGCTTATTAGCCATARATGTTTTGTCAGGATGCTGAGACACGGCTCCTAAATGTG
TATAATTCATTAACAGGTGCAGCGAGCTCCAGGAGECAGGGGECAATGACACTCCAGTTGCGGCACATCARATGATGTCAATGGAATC
GTGGATGETATGTTCAATCTGTTCAATCGACTGGATGAATTAAGCCAATTACTGTGAGCGCGTTAACATTTAAGTGGCTGTGTTCCA
GCCCGETECTGTAGEGAATARAACCCCTCGTTCATGTGTCTTGTCCGTCCACAGGAGAGTCCCGTCAGGCAGAAGCGTCACATCAGC
CACATCTCCATGTGCCGCTGETGCTGCAACTGCTGCAAGGCCAAGGGCTGTGGCCCCTGCTGCARATTCTGAGGACCTGCCCAGCA
//

NRC209
AAGATGAAGACATTCAGTGTTGCAGTCACAGTGGCCGTCGTGCTCGTCTTTATTTGTATCCAGCAGAGCTCTGGCACCTTTCCTGAG
GTAAGCTCCTGACTTCAGATCGTTTCATTTTGCTTGTTATCCATGAATCTCTCATCAACAGACTGAGACTTGATTCCTTCTTTATCA
GETACAAGAGCTGGACGAGGCAGTGAGCAATGACAATGCAGCTGCTGAACATCAGGAGACATCAGTGGACTCATGGATGGTAGGTTC
AGTTCACTGAATGGATCAAACCAATTCACATCAGACCTTTCAGATGGAAGTGAATGTGTTTTAGTCTCARAGGTGCCCTGAAGCTCA
GTTTACACAAGCAGTGAAAACAAACACAGAAAGTTATGATGATGCTGATGAACTTCTCCTCATGTCTCATGTCTCTCACACAGATGC
CATACAACAGACAGAAGCGTGCCTTCAAGTGTAAGTTCTGCTGCGECTGCTGCAGAGCTGGTGTCTGTGGACTGTGCTGCAAGTTCT
GAGGATTCCTGCTCCAACAAC

//

NRC210

ACGAGCTGACAGGAGCTGACAGGAGTCACCAGCAGAGTCAAAGAACTAAACAACTTAACTCAGTCAAACTCTCAAAGATG
AAGACATTCAGTETTGCAGTCACAGTGGCCGTCETCCTCGTCTITATTTGTATCCAGCAGAGCTCTGCCTCCTTTCCTGA
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GGCACAAGAGCTGGAGGAGGCAGTGAGCAATGACAATGCAGCTGCTGAGCATCAGGAGACACCAGTGGACTCGTGGATGA
TGCCATACAACAGACAGAAGCGTAGCTTTAAGTGTAAGTTCTGCTGCGGCTGCTGCAGAGCTGGTGTCTGTGGACTGTGC
TGCAAGTTCTGAGGATTCCTGCTCCAACAACCATCAAATATTCATTTGTTTTGCCTTTTGTCTTAAAGTTCATTGAACTA
TAAACATATTTCTGGTTGAGCATGTGATAGTTTAATGGTGTTACTCATTGGTTCATGGTATAGTCAAGTGTTCAGAGATG
TGATTGTATCACCCACATATTTTCTCTGTTAGGTGTATTTTCAATAAATGCCAATGATCCTTTGAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAA

//

NRC211
ACGAGCGGCACGAGGTGAACTGACAGGAGCTGACAGGAGTCACCAGCAGAGTCAAAGAACTAAACAACTTAACTCAGTCA
AACTCTCAAAGATGAAGACATTCAGTGTTGCAGTCACAGTGGCCGTCGTGCTCGTCTTTATTTGTATCCAGCAGAGCTCT
GCCTCCTTTCCTGAGGCACAAGAGCTGGAGGAGGCAGTGAGCAATGACAATGCAGCTGCTGAACATCAGGAGACACCAGT
TGACTCGTGGATGATGCCAAACAACAGACAGAAGCGTGGCTTTAAGTGTAAGTTCTGCTGCGGCTGCTGCAGAGCTGGTG
TCTGTGGACTGTGCTGCAAGTTCTGAGGATTCCTGCTCCAACAACCATCAAATATTCATTTGTTTTGCCTTTTGTTTTAA
AGTTCATTGAACTATATACATATTTCTGGTAGAGCATGTGATAGTTTAATGGTGCTACTCCTTGGTTCATGGTGTAGTTA
AGTGTTCAGAGATGTGATTGTATCACCCACATATTTCTCTGTTAAGGTGTATTTTCAATAAATGTTAATGCTCCTTTGAA
AAAAAAAAAAANAAAAALRR

//
NRC212
ACGAGACTGACAGGAGCTGACAGGAGTCACCAGCAGAGTCAAAGAACTAAACAACTTAACTCAGTCAAACTCTCAAAGAT
GAAGACATTCAGTGTTGCAGTCACAGTGGCCGTCGTGCTCGTCTTTATTTGTATCCAGCAGAGCTCTGCCACCTTTCCTG
AGATGCCATACAACAGACAGAAGCGTGGCTTTAAGTGTAAGTTCTGCTGCGGCTGCTGCGGAGCTGGTGTCTGTGGAATG
TGCTGCAAGTTCTGAGGATTCCTGCTCCAACAACCATCAAATATTCATTTGTTTTGCCTTTTGTCTTAAAGTTCATTGAA
CTATAAACATATTTCTGGTTGAGCATGTGATAGTTTAATGGTGTTACTCATTGGTTCATGGTATAGTCAAGTGTTCAGAG
ATGTGATTGTATCACCCACATATTTTCTCTGTTAGGTGTATTTTCAATAAATGCCAATGATCCTTTGAAAAAARARA

//
NRC213
AAGATGAAGACATTCAGTGTTGCAGTCACAGTGGCCATCETGCTCGTCTTTATTTGTATCCAGCAGAGCTCTGCCTCCTT
TCCTGAGGTAAGCACCTGACTTCAGATCGTTTCATTTGCTTGTTATCCATGAATCTCTCATCATCATACTGAGACTTGAT
TCCTTCTTTATCAGGCACAAGAGCTGGAGGAGGCAGTGAGCAATGACAATGCAGCTGCTGAGCATCAGGAGACACCAGTG
GACTCCAGGAGTGAATGTGTTTTAGTCACAAAAGTGCCCTGAAGCTCAGTTTACACAAGCAGAGAAAACAAACAGAGTAA
GTTATGATGATGCTGATGAAGGTCTCCTCATGTCTCATGTCTCTCACACAGATTCCATACAACAGACAGAAGCGTAGCTT
TAAGTGTAAGTTCTGCTGCGGCTGCTGCAGAGCTGGTGTCTGTGGACTGTGCTGCAAGTTCTGAGGATTCCTGCTCCAAC
AAC

/!
NRC214
AGATGAAGACATGCAGTGTTGCAGTCACAGTGGCCGTCGTGCTCGTCTTTATTTGTATCCAGCAGAGCTCTGCCTCCTTT
COTGAGGTAAGCACCTGACTTCAGATCGTTTCATTTGCTTGTTATCCATGAATCTCTCATCATCATACTGAGACTTGATT
CCTTCTTTATCAGGTACAAGAGCTGGAGGAGGCAGTGAGCAATGACAATGCAGCTGCTGAACATCAGGAGACACCAGTTG
ACTCGETEEATGETAGETTCAGT TCACTGAATGGATCAATCCATTTCACATCAGATCTTTCAGATGGAAGTGAATGTGTTT
TAGTCACAAAAGTGCCCCTGAAGCTCAGTTTACACAAGCAGAGAAAACAAACAGAGTAAGTTATGATGATGCTGATGAAG
GTCTCCTCATGTCTCATGTCTCTCACACAGATGCCAAACAACAGACAGAAGCGTGGCTTTAAGTGTAAGTTCTGCTGCGG
;TGCTGCAGAGCTGGTGTCTGTGGACTGTGCTGCAAGTTCTGAGGATTCCTGCTCCGGACAA

/
NRC215
AAGATGAAGACAATCAGTGTTGCAGTCACAGTGGCCGTCGTCCTCGTCTTTATTTGTATCCAGCAGAGCTCTGCCTCCTT
TCCTGAGGTAAGCACCTGACTTCAGATCGTTTAATTTGCTTGTTATCCATGAATCTCTCATCAACATACTGAGACTTGAT
TCCTTCTTTATCAGGCACAAGAGCTGGAGGAGGCAGTGAGCAATGACAATGCAGCTGCTGAGCATCAGGAGACACCAGTG
GACTCAGGGATGGTAGGTTCAGTTCACTGAATGGATCAATCCATTTCACATCAGATCTTTCAGATTGAAGTGAATGTGTT
TTAGTCACAAAAGTGCCCTGAAGCTCAGTTTACACAAGCAGAGAAAACAAACAGAGTAAGTTATGATGATGCTGATGAAG
GTCTCCTCATGTCTCATGTCTCTCACACAGATTCCATACAACAGACAGAAGCGTAGCTTTAAGTGTAAGTTCTGCTGCGG
CTGCTGCAGAGCTGETETCTETGCACTGTGCTGCARATTCTGAGGACCTGCCAGCA
//
NRC216
AAGATGAAGACATTCAGTGGTGCAGTCACAGTGGCCGTCGTGCTCGTCTTTATTTGTATCCAGCAGAGCTCTGCCTCCTT
TCCTGAGGTAAGCACCTGACTTCAGATCGTTTCATTTGCTTGTTATCCATGAATCTCTCATCATCATACTGAGACTTGAT
TCCTTCTTTATCAGGTACAAGAGCTGGAGGAGGCAGTGAGCAATGACAATGCAGCTGCTGAACATCAGGAGACACCAGTT
GACTCGTGGATGETAGETTCAGTTCACTGAATGGATCAATCCATT TCACATCAGATCTTTCAGATGGARGTGAATGTGTT
TTAGTCACAAAAGTGCCCTGAAGCTCAGTTTACACAAGCAGAGAAAACAAACAGAGTAAGTTATGATGATGCTGATGAAG
GTCTCOTCATGTCTCATGTCTCTCACACAGATGCCAAACAACAGACAGARGCGTGGCTTTAAGTGTAAGTTCTGCTGCGE
CTGCTGCAGAGCTCGGTGTCTGTGGACTGTGCTGCARAATTCTGAGGACCTGCCAGCA

NRC217
AAGATGAAGACATCAGTGGTTGCAGTCACAGTGGCCGTCGTGCTCGTCTTTATTTGTATCCAGCAGAGCTCTGCCACCTTTCCTGAG
GTAAGCACCTGACTTCAGATAGCTTCATTTGCTTGTTATCCATGAATCTCTCATCAACATACTGAGACTTTATTCCTTCTTTATCAG
GTACAAGAGCTGGAGGAGGCAGTGAGCAATGACAATGCAGCTGCTGCGCATCAGGAGACATCAGTGGACTCGTGGATGGTAGGTTCA
GTTCACTCAATGGATCAAACCAATTCACATCAGATCTTTCAGATGGAAGCGAATGTGTTTTAGTCAAAAAAGTGACCTGATGCTCAG
TTTACACAAGCAGAGAAAACAAGCAGAGTAAGTTATGATGATGCTGATGAACGTGTCCTCATGTCTCATGTCTCTCACACAGATGCC
ATACAACAGACCGAAGCGTAGCTTTAAGTGTAAGTTCTGCTGCGGCTGCTGCAGAGCTGGTGTCTGTGGACTGTGCTGCAAATTCTG
AGGATTCCTGCTCCAACAAC

NRC218

AAGATGAAGACATTCAGTGTGGCAGTCACAGTGGCCGTCGTGCTCGTCTTTATTTGTATCCAGCAGAGCTCTGCCACCTTTCCTGAG
GTAAGCACCTGACTTCAGATAGCTTCATTTGCTTGTTATCCATGAATCTCTCATCAACATACTGAGACTTGATTTCTTCTTTATCAG
GTACAAGAGCTGGAGGAGGCAGTGAGCAATGACAATGCAGCCGCTGAACATCAGGAGACATCAGTGGACTCGTGGATGGTAGGTTCA
GTTCACTCAATGGATCAAACCAATTCACATCAGATCTTTCAGATGGAAGTGAATGTGTTTTAGTCACAGAAGTGCCCTGATGCTCAG
TTTACACAAGCAGAGAAAACAAGCAGAGTAAGTTATGATGATGCTGATGAACGTGTCCTCATGTCTCATGTCTCTCACACAGATGCC
ATACAACAGACCGAAGCGTAGCTTTAAGTGTAAGTTCTGCTGCGGCTGCTGTAGAGCTGGTGTCTGTGGACTGTGCTGCAAATTCTG
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AGGATTCCTGCTCCAACAAC

//

NRC219
AAGATGAAGACATTCGTGGTTGCAGTCACAGTGGCCGTCGTGCTCGTCTTTATTTGTATCCAGCAGAGCTCTGCCACCTTTCCTGAG
GTAAGCACCTGACTTCAGATAGCTTCATTTGCTTGTTATCCATGAATCTCTCATCAACATACTGAGACTTGATTCCTTCTTTATCAG
GTACAAGAGCTGGAGGAGGCAGTGAGCAATGACAATGCAGCCGCTGAACATCAGGAGACATCAGTGGACTCGTGGATGGTAGGTTCA
GTTCACTCAATGGATCAAACCAATTCACATCAGATCTTTCAGATGGAAGTGACTGTGTTTTAGTCACAAAAGTGCCCTGATGCTCAG
TTTACACAAGCAGAGAAAACAAGCAGAGTAAGTTATGATGATGCTGATGAACGTCTCCTCATGTCTCATGTCTCTCACACAGATGCC
ATACAACAGACAGAAGCGTAGCTTTAAGTGTAAGTTCTGCTGCGGCTGCTGCAGAGCTGGTGTCTGTGGACTGTGCTGCAAATTCTG
AGGATTCCTGCTCCAACAAC

NRC220
AAGATGAAGACATCAGTGGTTGCAGTCACAGTGGCCGTCGTGCTCGTCTTTATTTGTATCCAGCAGAGCTCTGCCACCTTTCCTGAG
GTAAGCACCTGACTTCAGATAGCTTCATTTGCTTGTTATCCATGAATCTCTCATCAACATACTGAGACTTTATTCCTTCTTTATCAG
GTACAAGAGCTGGAGGAGGCAGTGAGCAATGACAATGCAGCTGCTGCACATCAGGAGACATCAGTGGACTCGTGGATGGTAGGTTCA
GTTCACTCAATGGATCARACCAATTCACATCAGATCTTTCAGATGAAGTGACTGTGTTTTAGTCACAAAAGTGCCCTGATGCTCAGT
TTACACAAGCAGAGAAARACAAGCAGAGTAAGTTATGATGATGCTGATGAACGTGTCCTCATGTCTCATGTCTCTCACACAGATGCCA
TACAACAGACATAAGCGTAGCTTTAAGTGTAAGTTCTGCTEGCGGCTGCTGCAGAGCTGGTGTCTGTGGACTGTGCTGCAAATTCTGA
GGATTCCTGCT

//

NRC221
AAGATAAGACATTCAGTGTTGCAGTCACAGTGGCCGTCGTGCTCETCTTTATTTGTATCCAGCAGAGCTCTGCCACCTTTCCTGAGG
TAAGCACCTGACTTCAGATCGTTTCATTTGCTTGTTAGCCTTGAATCTCTCATCAACATACTGAGACTTGATTTCTTCTTTATCAGG
TACAAGAGCTGGAGGAGGCAGTGAGCAATGACAATGCAGCTGCTGAACATCAGGAGACATCAGTGCACTTGTGGATGGTAGETTCAG
TTCACTGAATGGATCAAACCAATTCACATCAGATCTTTCAGATGGAAGTGAATGTGTTTTAGTCACAAAAGTGCCCTGAAGCTCAGT
TTACACGAGCAGAGAAAACCAACACAGTAAGTTATGATGATGCTGATGAACGTCTCCTCATGTCTCATGTCTCTCACACAGATGCCA
TACAACAGACAGAAGCGTGGCTTTAAGTGTAAGTTCTGCTGCGGCTGCTGCAGCCCTGGTGTCTGTGGACTTTGCTGCAGATTCTGA
GGATTCCTGCTCCAACAAC

//

NRC222
AAGATGAAGACATTCAGTGTTGCAGTCGCAGTGECCGTCETGCTCATCTTTATTTGTATCCAGCAGAGCTCTGCCACCTTTCCTGAG
GTAAGCACCTGACTTCAGATAGTTTCATTTGCTTGT TATCCATGAATCTCTCATCAACATACTGAGACTTTATTCCTTCTTTATCAG
GTACAAGAGCTCGAGGAGGCAGTGAGCAATGACAATGCAGCTGCTGAACATCAGGAGACATCATTGGACTCATGGATGGTAGGTTCA
GTTCACTCAATGGATCAAACCAATTCACATCAGATCTTTCAGATGGAAGTGACTGTGTTTTAGTCACARAAAGTGCCCTGATGCTCAG
TTTACACAAGCAGAGAAAACAAGCAGAGTAAGTTATGATGATGCTGATGAACGTGTCCTCATGTCTCATGTCTCTCACACAGATGCC
ATACAACAGACAGAAGCGTGGCTTTAAGTGTAAGTTCTGCTGCGECTGCTGCAGAGCTGGTGTCTGTGGACTGTGCTGCARATTCTG
AGGACCTGCCAGCA

//

NRC223
AAGATGAAGACATTCAGTGTTGCAGTCACAGTGECCETCATGCTCGTCTTTATTTGTATCCAGCAGAGCTCTGCCACCTTTCCTCAG
GTAAGCACCTGACTTCAGATAGTTTCATTTGCTTGTTATCCATGAATCTCTCATCAACATACTGAGACTTTATTCCTTCTTTATCAG
GTACAAGAGCTGGAGGAGECAGTGAGCAATGACAATGCAGCTGCTGAACATCAGGAGACATCATTGGACTCATGGATGGTAGGTTCA
@TTCACTCAATGGATCAAACCAATTCACATCAGATCTTTCAGATGGAAGTGAATGTGTTTTAGTCACAARAAGTGCCCTGATGCTCAG
TTTACACAAGCAGAGAAAACAAGCAGAGTAAGTTATGATGATGCTGATGAACGTGTCCTCATGTCTCATGTCTCTCACACAGATGCC
ATACAACAGACATAAGCGTAGCTTTAAGTGTAAGTTCTGCTGCGGCTGCTGCAGAGCTGGTGTCTGTGGACTGTGCTGCAAATTCTG
AGGACCTGCCAGCA

1/

NRC224
AGATGAAGACATTCAGTGTTGCAGTCACAGTGGCCETCGTGCTCGTCTTTATTTGTATCCAGCAGAGCTCTGCCACCTTTCCTGAGG
TAAGCACCTGACTTCAGATAGTTTCATTTGCTTGTTATCCATGAATCTCTCATCAACATACTGAGACTTGATTTCTTCTTTATCAGG
TACAAGAGCTGGGGCAGGCAGTGAGCAATGACAATGCAGCCGCTGAACATCAGGAGACATCAGTGGACTCATGGATGGTAGETTCAG
TTCACTCAATGGATCAAACCAATTCACATCAGATCTTTCAGATGGAAGTGAATGTGTTTTAGTCACAAAAGTGCCCTGATGCTCAGT
TTACACAAGCAGAGAAAACAAGCAGAGTAAGTTATGATGATGCTGATGAACGTGTCCTCATGTCTCATGTCTCTCACACAGATGCCA
TACAACAGACCGAAGCGTAGCTTTAAGTGTAAGT TCTGCTGCGGCTGCTGCAGAGCTGETGTCTGTGGACTGTGCTGCARATTCTGA
GGACCTGCCAGCA

//

NRC225
AAGATGAAGACATTCAGTCETTGCAGTCACAGTGGCCGTCGTECTCATCTTTATTTGTATCCAGCAGAGCTCTGCCACCTCTCCTGAG
GTACAAGGGCTGGAGGAGGCAGTGAGCAATGACAATGCAGCTGCTGAACATCAGGAGACATCAGTGGACTCGTGGATGATGCCATAC
AACAGACAGAAGCGTCGGCTTTAAGTGTAAGTTCTGCTGCGGCTGCTEGCAGGCCTGETGTCTAGTGCACT TTGCTGCAGATCCTGAGEA
TTCCTGCTCCAACAAC

//

NRC226

AAGATGAAGACATTCAGTGTTGCAGT CACAGTGGCCATCETGCTCAGTCTTTATTTGTATCCAGCAGAGCTCTGCCACCTTTCCTGAG
GTAAGCACCTGACTTCAGATCGTTTCATTTGCTTGTTAGCCTTGAATCTCTCATCAACATACTGAGACTTGATTTCTTCTTTATCAG
GTACAAGAGCTGGACGGAGGCAGTGAGCAATGACAATGCAGCTGCTGAACATCAGEAGACATCAGTGCACTTGTGGATGGTAGCTTCA
GTTCACTGAATGGATCAAACCAATTCACATCAGATCTTTCAGATGGAAGTGAATGTGTTTTAGTCACARAAGTGCCCTGAAGCTCAG
TTTACACGAGCAGAGAAAACCAACACAGTAAGTTATGATGATGCTGATGAACGTCTCCTCATGTCTCATGTCTCTCACACAGATGCC
ATACAACAGACAGAAGCGTGGCTTTAAGTGTAAGTTCTGCTGCGGCTGCTGCAGACCTGGTGTCTGTGGACTTTGCTGCAGATTCTG
AGGATTCCTGCTCCAACAAC

NRC227

AAGATGAAGACATTCAGTGTTGCAGTCACAGTGGCCGTCGTGCTCGTCTTTATTTGTATCCAGCAGAGCTCTGCCACCTTTCCTGAG
GTAAGCACCTGACTTCAGATCGTTTCATTTGCTTGTTAGCCTTGAATCTCTCATCAACATACTGAGACTTGATTTCTTCTTTATCAG
GTACAAGAGCTGGAGGAGGCAGTGAGCAATGACAATGCAGCTGCTGAACATCAGGAGACATCAGTGGACTTGTGGATGGTAGGTTCA
GTTCACTGAATGGATCAAACCAATTCACATCAGATCTTTCAGATGGAAGTGAATGTGTTTTAGTCACAAAAGTGCCCTGAAGCTCAG
TTTACACGAGCAGAGAAAACCAACACAGTAAGTTATGATGATGCTGATGAACGTCTCCTCATGTCTCATGTCTCTCACACAGATGCC
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ATACAACAGACAGAAGCGTGGCTTTAAGTGTAAGTTCTGCTGCGGCTGCTGCAGTCCTGGTGTCTGTGGACTTTGCTGCAGATTCTG
AGGATTCCTGCTCCAAC

NRC228

AAGATGAAGACATTCAGTGTTGCAGTCACAGTGGCCGTCETGCTCGTCTTTAT TTGTATCCAGCAGAGCTCTGCCACCTTTCCTGAG
GTAAGCACCTGACTTCAGATCGTTTCATTTGCTTGTTAGCCTTGAATCTCTCATCAACATACTGAGACTTGATTTCTTCTTTATCAG
GTACAAGAGCTGGAGGAGGCAGTGAGCAATGACAATGCAGCTGCTGAACATCAGGAGACATCAGTGGACTCGTGGATGGTAGGTTCA
GTTCACTGAATGGATCAAACCAATTCACATCAGATCCTTCAGATGGAAGTGAATGTGTTTTAGTCACAAARGTGCCCTGARGCTCAG
TTTACACGAGCAGAGAAAACAAACACAGTAAGTTATGATGATGCTGATGAACGTCTCCTCATGTCTCATGTCTCTCACACAGATGCC
ATACAACAGACAGAAGCGTGECTTTAAGTGTAAGTTCTGCTGCGECTGCTGCAGTCCTGEGTGTCTGTGGACTTTGCTGCARATTCTIG
AGGACCTGCCAGCA

//

NRC229
AAGATGAAGACATTCAGTGTTGCAGTCACAGTGGCCGTCETEGCTCATCTTTATTTGTATCCAGCAGAGCTCTGCCACCTTTCCTGAG
GTAAGCACCTGACTTCAGATCGTTTCATTTGCTTGT TAGCCTTGAATCTCTCATCAACATACTGAGACTTGATTTCTTCTTTATCAG
GTACAAGAGCTGGAGGAGGCAGTGAGCAATGACAATGCAGCTGCTGAACATCAGGAGACATCAGTGCGACTCGTGCGATGCGTAGCGTTCA
GTTCACTGAATGGATCAAACCAATTCACATCAGATCTTTCAGATGGAAGTGAATGTGTTTTAGTCACARRAGTGCCCTGAAGCTCAG
TTTACACGAGCAGAGAAAACAAACACAGTAAGTTATGATGATGCTGATGAACGTCTCCTCATGTCTCATGTCTCTCACACAGATGCC
ATACAACAGACAGAAGCGTGGCTTTAAGTGTAAGTTCTGCTEGCEGCTGCTGCAGACCTGGTGTCTGTGCACTTTGCTGCAAATTCTG
AGGACCTGCCAGCA

//

NRC230
AAGATGAAGACATTCAGTGTTGCAGTCACAGTGGCCETCEGTGCTCETCTTTATTTGTATCCAGCAGAGCTCTGCCACCTTTCCTGAG
GTACAAGAGCTGGAGGAGGCAGTCGAGCAATGACAATGCAGCTGCTGAACATCAGGAGACATCAGTGGACTCGTGCGATGATGCCATAC
AACAGACAGAAGCETGECTTTAAGTGTAAGTTCTGCTCCGGCTGCTGCAGACCTGETGTCTGTGCGACTTTGCTGCARATTCTGAGGA
CCTGCCAGCA

NRC231
AAGATGAAGACATTCAGTETTGCAGTCACAGTGGCCETCGTECTCGTCTTTATTTGTATCCAGCAGAGCTCTGCCACCTTTCCTGAG
GTACAAGAGCTGGAGGAGGCAGTGAGCAATGACAATGCAGCTGCTGAACATCAGGAGACATCAGTGGACTCGTGGATGATGCCATAC
AACAGACAGAAGCGTGGCTTTAAGTGTAAGTTCTGCTGCGECTGCTGCAGGCCTGETGTCTGTGCGACTTTGCTGCAGATTCTGAGGA
TTCCTGCTCCAACAAC

NRC232
AAGATGAAGACATTCAGTGTTGCAGTCACAGTGGCCETCETGCTCGTCTTCATTTGTATCCAGCAGAGCTCTGCCACCTTTCCTGAG
GTAAGCACCTGACTTCAGATCGTTTCATTTGCTTGTTAGCCTTGAATCTCTCATCAACATACTGAGACTTGATTTCTTCTTTATCAG
GTACAAGAGCTGGAGGAGGCAGTGAGCAGTGACAATGCAGCTGCTGAACATCAGGAGACATCAGTGCGACTCGTGGATGETAGGTTCA
GTTCACTGAATGTATTTTAGTCACAAAAGTGCCCTGAAGCTCAGT TTACACAAGCAGAGAAAACAAACAGAGTAAGTTATGATGATG
CTGATGAACGTCTCCTCATGTCTCATGTCTCTCACACAGATGCCATACAACAGACAGAAGCGTAGCTTTAAGTGCAAGTTCTGCTGC
GGCTGCTGCAGACGTEETETCTGTGCGACTEGTGCTGCAAATTCTGAGCGATTCCTGCTCCAACAAC

NRC233
AAGATGAAGACTATCAGTGTTGCAGTCACAGTGECCEGTCETGCTCCTCTTCATTTGTACCCAGCAGAGCTCTGCCACCTTTCCTGAG
GTAAGCACCTGACTTCAGATCGTTTCATTTGCTTGTTAGCCTTGAATCTCTCATCAACATACTGAGACTTGATTTCTTCTTTATCAG
GTACAAGAGCTGGAGGAGGCAGTGAGCAGTGACAATGCGGCTGCTGAACATCAGGAGACATCAGTGCGACTCGTGGATGGTAGGTTCA
GTTCACTGAATGGATCAAACCAATTCACATCAGATCTTTCAGATGGAAGTGAATGTGTTTTAGTCACAAAAGTGCCCTGAAGCTCAG
TTTACACAAGCAGAGAAAACAAACACAGTAAGTTATGATGATGCTGATGAACGTCTCCTCATGTCTCATCGTCTCATGTCTCTCACAC
AGATGCCATACAACAGACAGAAGCGTGGCTTTAAGTGCAAGTTCTGCTGCGGCTGCCGCTGTGETGCTCTCTGTGGACTGTGCTGCA
AATTCTGAGGATTCCTGCTCCAACAAC

//

NRC234
AAGATGAAGACATTCAGTGTTGCAGTCACAGTGCCCGTCGTGCTCGTCTTCATTTGTATCCAGCAGAGCTCTGCCACCTTTCCTGAG
GTAAGCACCTGACTTCAGATCGTTTCATTTGCTTGTTAGCCTTGAATCTCTCATCAACGTACTGAGACTTGATTTCTTCTTTATCAG
GTACAAGAGCTGGAGGAGCCAGTGAGCAGTGACAATGCAGCTGCTGAACATCAGGAGACATCGEGTGGACTCGTGEGATGGTAGGTTCA
GTTCACTGAATGGATCAAACCAATTCACATCAGATCTTTCAGATGGAAGTGAATGTGT TTTAGTCACARAAAGTGCCCTGAAGCTCAG
TTTACACAAGCAGAGAAAACAAACACAGTAAGTTATGATGATGCTGATGAACGTCTCCTCATGTCTCATGTCTCATGTCTCTCACAC
AGATGCCATACAACAGACAGAAGCGTGGCTTTAAGTGCAAGTTCTGCTGCGECTGCCGCTGTGETGCTCTCTGTGGACTGTGCTGCA
AATTCTGAGGACCTGCCAGCA

//

NRC235
AAGATGAAGACATTCAGTGTTGCAGTCACAGTGGCCETCGTGCTCETCTTTATTTGTTCCAGCAGAGCTCTGCCACCTTTCCTGAGG
TAAGCACCTGACTTCAGATCGTTTCATTTGCTTGTTAGCCTTGAATCTCTCATCAACATACTGAGACTTGATTTCTTCTTTATCAGG
TACAAGAGCTGGAGGAGCCAGTGAGCAGTGACAATGCAGCTGCTGARCATCAGGAGACATCAGTGGACTCGTGGATGGTAGGTTCAG
TTCCCTGAATGGATCAAACCAATTCACATCAGATCTTTCAGATGGAAGTGAATGTGTTTTAGTCACARAAGTGCCCTGAAGCTCAGT
TTACACAAGCAGAGAAAACAAACACAGTAAGTTATGATGATGCTGATGAACATCTCCTCATGTCTCATGTCTCATGTCTCTCACACA
GATGCCATACAACAGACAGAAGCGTGGCTTTAAGTGCAAGTTCTGCTGCGGCTGCCGCTGTGGTGCTCTCTGTGCGACTGTGCTGCAA
ATTCTGAGGACCTGCCAGCA

NRC236
ACGAGCTGACAGGAGCTGACAGGAGTCACCAGCAGAGTCAAAGAACTAAACAACTTAACTCAGTCAAACTCTCAAAGATGAAGACAT
TCAGTGTTGCAGTCACAGTGECCETCGTGCTCGTCTTTATTTGTATCCAGCAGAGCTCTGCCACCTTTCCTGAGGTACAAGAGCTGG
AGGAGGCAGTGAGCAATGACAATGCAGCTGCTGAGCATCAGGAGACACCAGTGGACTCAGGGATGATGCCAAACAACAGACAGAAGC
GCAGCGCCGATTGTTGECCATGTTGCAATCAAAATGGCTGTGEGAACTTGCTGCAAGGTCTAAACAGACTCTTGGGCAGATCAATCCA
GGTTCATCTTTCGTTGTCTCTCCETGGAGTCGAACCAGAGACCTTCTCAGCCCATAGTCCAAGTTTCTGCCACTAGACCACCGCCTC
TCCCTCATCARATACTCAATGT TTTTCATTTTGTCTTARAAGTTCATTGAACTATAAACATATTTCTGGTAGAGCATGTGATAGTTTA
ATGETETTACTCATTGETTCATGETATAGTCAGATGTTCAGAGATGTGAT TATATCATCCACATATTTTCTCTGTTAAGGTGTACTG
TCAATAAATGTCAATGCTCCTTTGAAAAAAAAAAAAAAANAAAANC
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//

NRC237
CGTGCTCGTCTTTATTTGTATCCAGCAGAGCTCTGCCACCTTTCCTGAGGTGAGCTCCTGACTTCAGATCGTTTCATTTAGCTTGTT
ATCCATGAATCTCTCATCAACATACTGAGACTTGAATCCTTCTTTATCAGGTACAGGAGCTGGAGGAGGCAGTGAGCAATGACAATG
CAGCTGCTGAACATCAGGAGACATCAGTGGACTCATGGATGGTATGT TCAGTTCACTGAATGGATCAAACCAATTCACATCAGATCT
TTCAGATGGAAGTGAATTTGTTTTAGTCCCAAARGTGCCCTGAAGCTCAGTTTACACAAGCAGAGAARAACAAAACACAGTARGTTA
TGATGATGCTGATGAACGTCTCCTCATGTCTCATGTCTCTCACACAGATGCCATACAACAGACAGAAGCGCAGCGCCGAGTGTAGCT
7STGCTGCAATGAATCTGGCTGTGGAATTTGCTGCAAATTCTGAGGATTCCTGCTCCAACAACAAGGGCGAATTC

NRC238
AAGATGAAGACATTCAGTGTTCCAGTCACAGTGGCCGTCATGCTCETCTTTATTTGTATCCAGCAGAGCTCTGCCACCTTTCCTGAG
GTGAGCTCCTGACTTCAGATCGTTTCATTTAGCTTGTTATCCATGAATCTCTCATCAACATACTGAGACTTGAATCCTTCTTTATCA
GGTACAGGAGCTGGAGGAGGCAGTGAGCAATGACAATGCAGCTGCTGAACATCAGGAGACATCAGTGGACTCATGGATGGTATGTTC
AGTTCACTGAATGGATCARACCAATTCACATCAGATCTTTCAGATGGAAGTGAATTTGTTTTAGTCCCAARAGTGCCCTGAAGCTCA
GTTTACACAAGCAGAGAAAAACAAAACACAGTAAGTTATGATGATGCTGATGAACGTCTCCTCATGTCTCATGTCTCTCACACAGAT
GCCATACAACAGACAGARGCGCAGCGCCGAGTGTAGCTTCTGCTGCAATGAATCTGGCTGTGGAATTTGCTGCAAATTCTGAGGACC
TGCCAGCA

//

NRC239

GTGCGACCAGCCAGTGAGCAGTGAGAATGGAGCAAATGAACACACATAAGATCTT TCGGATGGAAGTGTATGTGTTTTAGTCACATGA
GTGGCTCGAAGCTCAGTACACACGAGCAGAGAGAACGAACACAGTGTGTTTTATTCTGCTTGTGTAAACTGAGCTTCAGTTTACACA
AGCAGAGAAAACAAACACAGTAAGTTATGATGATGCTGATGAACGTCTCCTCATGTCTCATATCTCTCACACAGATGCCAAACAACA
GACAGAAGCGTGGCTCTAATTGCAAACCATGCTGCAATCATAATGGCTGTGGAACGTGCTGCCGAAGTCTGAGGATTCCTGCTCCACA
//
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We Claim:

1. A method of identifying candidate nucleic acid sequences encoding antimicrobial
peptides, said method comprising:

a) identifying an initial peptide of interest;

b) identifying genomic DNA encoding the initial peptide;

c) identifying a flanking sequence on each side of the initial peptide;

d) obtaining primers complementary to the flanking sequences; and,

e) screening a wide range of nucleic acid sequences to identify candidate sequences
capable of being amplified using the primers from step d).

2. The method of claim 1 wherein the initial peptide of interest has a net positive
charge of at least 2 and has an amphipathic structure.

3. The method of claim 1 wherein the initial peptide of interest is a hepcidin, a
pleurocidin, a pardaxin, a misgurin, HFA-1, a piscidin, a moronecidin, a parasin, or a
cleavage product of histone 2A from catfish.

4. The method of claim 1 wherein the initial peptide of interest is a hepcidin or a
pleurocidin.

5. The method of claim 1, 2 or 3 comprising a further step g) of predicting the amino
acid sequence encoded by the candidate sequence and selecting nucleic acid
sequences which are predicted to encode peptides having an amphipathic structure
and a net charge.

6. The method of claim 5 comprising a further additional steps of obtaining a peptide
corresponding to the candidate nucleic acid sequence and assaying the peptide
sequence for antimicrobial activity.

7. The method of claim 1 comprising a further step (a’) of confirming that the initial
peptide of interest has antimicrobial activity.

8. An isolated nucleic acid sequence identifiable using the method of any preceding
claim.

9. An isolated polypeptide capable of being encoded by the nucleic acid sequence of
claim 8.

10. An isolated nucleic acid sequence comprising a flanking sequence.
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11. A kit comprising:

a. a first nucleic acid sequence at least 95 % identical to a first
flanking sequence, located at or near a 5° end of a target sequence encoding an
antimicrobial peptide;

b. a second nucleic acid sequence at least 95 % identical to a
second flanking sequence located at or near a 3’ end of a target sequence encoding an
antimicrobial peptide; and

c. instructions for carrying out the method of claim 1.

12. Use of at least one of signal sequence I, acidic sequence I, signal peptide II,
signal peptide III, signal peptide IV, signal peptide V, prosequence I, prosequence II,
nucleic acid sequences encoding them, and nucleic acid sequences substantially
complementary to such encoding nucleic acids, in the identification or amplification
of antimicrobial peptides.

13. An isolated antimicrobial peptide at least 80% homologous to one of peptide a, b,
cord:

Peptide a GW(G/K)XXFXK

Peptide b GXXXXXXXHXGXXTH

Peptide ¢ FKCKFCCGCCXXGVCGXCC

Peptide d CXXCCNCC(K/H)XKGCGFCCKF

Peptide e FKCKFCCGCRCGXXCGLCCKF

Peptide f XXXCXXCCNXXGCGXCCKX

14. The antimicrobial peptide of claim 13 which is at least 90% homologous to one
of peptide a, b ¢ or d.

15. The antimicrobial peptide of claim 13 which is one of peptide a, b, ¢ or d.

16. An isolated nucleic acid sequence depicted in Appendix I or Appendix IL

17. An isolated nucleic acid sequence depicted in Table 4 or 13.

18. A method of identifying candidate nucleic acid sequences encoding antimicrobial
peptides, said method comprising:

a) identifying a nucleic acid sequence encoding an initial peptide of interest;

b) identifying genomic DNA encoding the initial peptide;
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¢) identifying a flanking sequence on each side of the initial peptide;
d) obtaining primers complementary to the flanking sequences; and,
e) screening a wide range of nucleic acid sequences to identify candidate sequences

capable of being amplified using the primers from step d).
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Primer PL1
1 GAATTCGCCCTTGCCCACTTTGTATTCGCAAG gtaatatcaatatttttca

101 ctgtataatgcaaatgttaatgatctttatttttctgttttttttttgtaga
189 TTC GTC CTC ATG GTT GAA CCT GGA GAG TGT GGT TGG GGA
13 E v L M \Y E P G E C G W G

267 ttaattagcttttaactttgcaaatattgtttttttttttaacagctggaaa
367 atctaaataacaacctaaaaggcctttgattagcatgtttcttcaataaaat

467 gtttgtttttacacag CT GCC AAG CAT ATT GGC CAT GCA GCC
35 A K H I G H A A

555 ttatcaccagtattgttattgacaacttctctttttecctgetgateecgacte
45

643 GAC AAG CGC GCA GTC GAT GAA GAC CCA AAT GTT ATT GTIT
54 D K R A v D E D P N \Y I v

Fig. 5

aattcatttagacgagaccaaccttttgggaaatctgctecagettatta 100

ATG AAG TTC ACT GCC ACC TTC CTC ATG ATG TTC ATC 188
M K ¥ T A T F L M M ¥ I 12

AGC ATT TTT AAG CAT GGT CGT CAT G gtaaagtcacggaa 266
S I F K H G R H A 34

ctcacaaaaataaatagccgatatatttggccaattataatcactttyg 366
gattgaacactacttaaaggtatgtataaaacatcatcatgtgttttt 466

GTT AA gtaaggacttctaccattattactgtataattttgatagta 554

\Y N 44
atccgcag T CAT TAC CTT GGC GAG CAG CAA GAT CTC 642
H Y L G E Q Q D L 53

TTT GAA TGAagaaatcgccttgaaggagccttcagaagggcgaatte 728
F E * Primer PL2 68

Fig. 5 (Cont.)
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<

Signal Sequence }

WF2 MKFTATFL

MlﬂlEVLMVEPGEC ........ -

Wr4 MKFTATFUMME I FVLMVEPGEC|- - - -« -~ -~
WFs MKFTATFUVLSLVVLMAEPGEG]- - - - - - - - -
WEla MKETATFULILFTEVLMV[DLGEGR- - - - - - - -
WEi MKETATFLLLFIFVLMVDLGEGRRKKKGSKR

Fig. 6
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ctgacaccaaaagaacaatcaatcaactttggactcgtcttagtgcattg
atcttcctcataaactgtcacttcaatttcaactgatttcaacaggactt
TTT AGT GTT GCA GTG GTA CTC GTC ATT GCA TGT ATG TTC
F S v A \Y% A\ L A" I A c M F
gtcaaattctccaacaccaacccactacaaacatgtgtgcatcgatttta
ACG GAG GAG GTT GGA AGC TTT GAC AGT CCA GTT GGG GAA
T E E v G S F D S P \Y G E
gtacgttcaattgaatgaatgaattacgctaattacctttagcaaattaa
tagctgttaaccatttgattgtgagccgttagagggcttcagggcgagca

cttttttcatattattttcttggecggggatacag GAG CCT TTC AGGE
E P ¥ R

TGC TGC AAC TGC TGT CAC AAC ATT GGC TGT GGC TTT TGC
c c N Cc c H N I G C G F Cc

tgtttgcaatgttttctttctgagatgttgtttttgtgactatgataatga

ctttgaataacaaaaaaaaaaaaaaaaa

Fig. 16a
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aaaattgtgcgttggagagcgtcgctttttgggaacattgaagagttctg

ttaaataggctataaacttcctaaaaaaaacgaga ATG AAG GCC
M 'K A

ATC CTT GAA AGC ACC GCT GTT CCT TTC TCC GAG gtat
I L E S T A v P F S E

gaggttggtcatgactcatttgtgcctaatgtctttgcag GTG CGA
v R

CAT CAA CAG CCG GGC GGC GAG TCC ATG CAT CTGE CCG
H Q Q P G G E S M H L b

.cattttagtggttgcgttttaccctcggaatagaattagatcagtagcgc
gtgtgcaacgtggttgtgaagtggagatatacttacttgcttgttccctc

TTC AAG CGT CAG ATC CAC CTC TCC CTG TGC GGT TTG
F K R Q I H L S L c G L

TGC AAA TTC TAA ggacctgcccgcaacattttctagtttgtaca
c K F *

tttataaaatcacttcttattgtgacactttaaaaaaaataaacacatt

Fig. 16a (Cont.)
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1 cgcccttaag ATG AAG ACA TTC AGT GTT GCA GTT GCA GTG
1 M K T F S \Y% A v A v

77 ACC GCT GTT CCT TTC TCC GAG GTG CGA ACG GAG GAQ
23 T A v P F S E v R T E E

152 CCG GGC GGC ACG TCC ATG AAT CTG CCGgtacgttcaattt
48 P G G T S M N L P

243 gtttcacccttggaattgaattagcccactagcgctagttgttaacca

343 tgaagtggagacttggacaaaaatacttaccatgtgcttgttcccacc
57

438 AAG CGT CAG AGC CAC CTC TCC CTG TGC CGT TGG TGC
62 K R Q S H L S L c R w c

513 AAA TTC TGA ggacctgccagcaaagggcgaattcegtttaaaacac

Fig. 16b

GTG GTC GTC CTC GCA TGT ATG TTC ATC CTT GAA AGC
v v v L A Cc M F I L E S

GTT GAA AGC ATT GAC AGT CCA GTT GGG GAA CAT CAA CAQ
v E S I D S P A% G E H Q Q

agtgaatgaattaagtaattacctttagcaaattaacatctaagtggttgc

tttgattgtgagccggtagagagggcttcagggcgagtagtgtgaatacttg

tttttcattttcttttcttggctgagatacag ATG CAT TTC AGGTTC
M H F R F

TGC AAC TGC TGT CAC AAC AAG GGC TGT GGC TTC TGC TGC
Cc N C c H N K G c G F c c

Fig. 16b (Cont.)
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2121 89
PHAA
1172 83 Mouse
A —
94 934 Salmon
Fig. 16¢
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Processing site

WF2 ININ|-[RQKR[S - - - - - - - A D|CW/|P
JFL6 lQIN|-[RQKR|D - - - - - - - VK|CIGIF
WF3a IYIN[-JRQKR|S - - - - FKC|K FlcC|G
WF3b ININ|-IRQKR|G - - - - FK|C|K F|C C|G
WF4 P|YIN|-[RQKRI|G - - - - FK|C|K F|C C|G
Hb5.3 PIYIN|-|RQKR|G - - - - FKC|K FlC C|G
Sal8.6 P|YIN[-|RQKRJ|G - - - - FK|C|K F|ICC|G
Hb17 Y[N|-|[RQKR|G - - - - FK|C|K FICC|G
Hb1.1 P|IYIN|-|[RQKR|G - - - - FK|C|K F|C C|G
Hb357 ‘P|F H FIRQ[R|R|G - S G P M P|C|RQ|C C|H
Bass | YNREKRH-SSPGGCRFCCN
Med1 NH I|RIE[KR|@ - SH I SMC|TM|CC|N
WF1 PT-[RQKR|H1SHISLC/RWCCIN
JFL4 PV-[RQKR|H | SH | SMC|RWCCIN
Hb7.5 MH F|R|FIK RlQ - S HL S L|{G|[RWC C|N
Sal2 P|MH F|R|F|K RjQ - SHL S L|C|RWC.CIN
Sal2.1 MH F|R|FIK RlQ - SHL S L|C|RWC|E/N
Trout P|E H F|R|F|IK RIX - SHL S L{C|RWC C|N
Sal E P FR|FIKR|Q - 1 HL s L|c|a L|c C|N
Human FaRRIRRIRID - THFEP Il¢]1 Fccla
Fig. 1'7b
C - 'C G| T|C CKlLV :
Cgag-gtgggvogLNF I Flatfish Type I
CCIRA -GV|CG|LCCK Fl -
CC/lRA -GV|CG|LCCKTF
CC|GA -GV|CGMCCKF
CC|RP -G V|C G|LIC CKE Flatfish Type 1l
CC|RP -G V|C G|L|C C|R
CCRP-GVCGLCCR[E
- C_ G C C
CelPEnaryy vy —n ' Flatfish Type IV
C C|lP NMS|G.C G|V|C C|R|F
ggKNYKGC\GFCC g Bass/Medaka
K ANK|GCG|FCCKF i
CCIlKA - K|GCG|X|[CCKF Flatiish Type |
ColHN-KGGGHeGKE
CC/HN - K|GCG|Fl[ccKEF Salmonid TYPe |
C C/|H N - K|Gg[x]G| Flc Cc K F
CC|lHN - Ila C G|F[C C K_E
C C|HR SKCGMCCK‘—'FF Mammal

Fig. 17b (Cont.)
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Fig. 19
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