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Summary

In 2011, record snowfall and rainfall along with tropical storm Irene damaged trout habitat within the
tributaries of the Lake Champlain Basin, causing the Salvelinus fontinalis (brook trout) population to
decline. In response, the New York State Department of Environmental Conservation (NYDEC) placed the
genetic monitoring of S. fontinalis as a priority. Mitochondrial cytochrome b (cytb) is one of the most
studied genes to date across vertebrates. The cytb gene has been commonly used to study genetic
variation and suggest phylogenetic relationships. To date, no cytochrome b genes have been sequenced
from S. fontinalis, Salmo trutta (brown trout), and Salvelinus fontinalis X Salmo trutta (tiger trout) found
within the Lake Champlain Basin. In this study, twenty-one trout DNA samples were sequenced and
analyzed for sequence alignment, codon usage, and phylogenetic relationships. The sample size was
limited due to the reduced number of trout within these tributaries. The results of the bioinformatics
analysis supported a high DNA sequence identity for the non-native, stocked S. trutta samples, but not
for the S. fontinalis. However, all fish samples demonstrated a highly identical amino acid sequence.
Finally, the data did not support the proposed hypothesis that there would be greater differences in the
DNA sequences the farther apart the collection sites were located. The data gathered in this study was
part of the initial genetic screening of the trout populations and was shared with the NYDEC, the U.S.
Department of Interior-Fish and Wildlife Vermont Division and the Lake Champlain Research Institute.
These data may play a role in their decision making with regard to trout habitat and the stocking of the
tributaries with S. trutta.

Introduction

The Lake Champlain Basin, found within Vermont, New York, and southern Quebec, covers 8,234 square
miles (Figure 1) (1). In recent years, the New York State Department of Environmental Conservation
(NYDEC) has placed the genetic screening of Salvelinus fontinalis (brook trout) as a priority, due to their
declining numbers (1). Their most recent decline was in 2011, due to record snowfall (2) and rainfall (3),
both creating overflowing streams, followed by tropical storm Irene, which damaged trout habitats. In
addition, S. fontinalis also serves as a quality indicator for coldwater habitats. This is why other agencies
(U.S. Department of Interior-Fish and Wildlife Vermont Division, Lake Champlain Research Institute, and
New York Trout Unlimited) also supported the genetic screening of these fish, in order to produce
guantitative indicators concerning the health of this ecosystem (1). Additionally, over the years, non-



native Salmo trutta (brown trout) have been, and continue to be, stocked in the streams and tributaries
of the Lake Champlain Basin. Another concern of these agencies involved native female S. fontinalis
(brook trout) populations within the Lake Champlain Basin mating with the male S. trutta (brown trout),
thus producing a sterile Salvelinus fontinalis X Salmo trutta, tiger trout (4), as reported by local
fishermen to New York Trout Unlimited. This may also contribute to the decline in the S. fontinalis
population. The presence of the S. fontinalis X S. trutta (tiger trout) within the Lake Champlain Basin was
supported when the collected trout samples were tested using a variety of genetic markers (5). Since
the NYDEC placed such a priority on the genetic screening of S. fontinalis, we felt it was necessary to
continue with the DNA testing of these trout samples, this time using the cytochrome b gene (cytb). The
farthest collection sites were just over 100 miles apart. Even with the stocking of the non-native S.
trutta, we hypothesized that there would be genetic diversity within these trout given the populations
are separated by large distances. Results from this research may contribute to planning decisions and
protection of trout habitat that will contribute to a healthy economy, since fishing within the Lake
Champlain Basin contributes heavily to the local economy.
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Figure 1: Map of the Lake Champlain Basin Watershed The Lake Champlain Basin with the trout three
collection sites mapped. This map was generated with assistance from Eileen Allen.

Genes within mitochondrial DNA (mtDNA) are attractive genetic markers for DNA analysis and
determination of phylogenies of species due to their rapid evolutionary rates compared to those found
in nuclear DNA (6). The mtDNA is also only inherited on the maternal side. Within the many mtDNA
protein coding genes, cytb has been commonly used to examine genetic variation (7) and inferring
phylogenetic relationships (8, 9, 10, 11). In particular, the evolutionary rate of the cytb gene is fitting for
examining events that occurred within the past 20 million years, such as the evolution of the trout (2).
The cytb gene is one of most well studied mitochondrial genes in regard to the structure and function of
its protein (12). This gene has both rapidly and slowly evolving codon positions, as well as more
conservative regions (13). The cytb gene has been extensively used for phylogenetic studies among
vertebrate taxa (14, 15) and in particular fish taxa (16, 17, 18, 19). It should be noted that most of these
studies used universal PCR primers (20), which produce only a partial gene product. We used this gene
for the characterization and phylogenetic analysis from S. fontinalis, S. trutta, and S. trutta X S. fontinalis
within the Lake Champlain Basin. Since we had several S. trutta X S. fontinalis (tiger) samples, we
included them in this study to determine if their cytb gene matched with the cytb gene of S. fontinalis,
since this hybrid’s mitochondrial DNA comes from the female S. fontinalis.

This study represents the first description of the cytb gene in S. fontinalis and S. trutta found within the
Lake Champlain Basin. This is an important community issue because fishing has a significant economic
impact within this geographical region. To date, there are only 20 S. fontinalis and 42 S. trutta partial
and full DNA sequences for the cytochrome B gene within the National Center for Biotechnology
Information (NCBI) database. None of these registered sequences are from trout found within the Lake
Champlain Basin. Our goal is to expand the trout sequences found within the NCBI database to include,
for the first time, sequences from trout found within the Lake Champlain Basin. Finally, our hypothesis is
that the greater the distance apart of the trout sampled, the greater the differences in their DNA
sequences. The DNA sequences allowed us to test this hypothesis however, our findings did not support
such sequence divergence for the trout populations within the Lake Champlain Basin.

Results

Pattern of Sequence Variation

A data set of eight S. fontinalis, nine S. trutta and two S. trutta X S. fontinalis partial cytochrome B
sequences were analyzed (Table 1; Figures 2 and 3). When the 257 corresponding bases of the S.
fontinalis DNA sequences were compared through CLUSTALW, only 38.06% were identical (Figure 2). A



S. fontinalis sequence from Quebec (Accession #JX960851) was included in the analysis, since it was the
closest S. fontinalis sample registered in the NCBI database to the Lake Champlain Basin collected for
this study. When a direct comparison of the S. fontinalis (k) sequences k2, k3, k4, k5, and k8 were made,
they were 97.38% identical (data not shown). Also, when the S. fontinalis sequences k1, k6, k7, and the
Quebec sequences were compared through CLUSTALW, the sequences were 100% identical (data not
shown). The sequences fell clearly into two separate groups (Figure 2). Additionally, the two S. trutta X
S. fontinalis samples were a 100% match to the k1, k2, k7 and Quebec sequences (data not shown).

site 1(Vermont)

site 2 (New York)

Site 3 (New York)

S. fontinalis (k)

kl, k2, k3

kd, k3, k6

k7, k8

S. trutta (W) wl, w2, w3, wd wS, wh, w7, wl w9, wll, wll, wl2
& frutta X tl 2
S. fontinalis (t)

Table 1: Trout Collection Sites. The location and number of trout samples collected from each site.
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Figure 2: DNA Sequence Alignment for S. fontinalis. ClustalW sequence alignment for the Salvelinus
fontinalis DNA sequences. A Salvelinus fontinalis sequence from Quebec (Accession #JX960851) was
included in the alignment for comparison. Only 38.06% of the nucleotides were identical.



w3 TACACTACACCTICCGATATCTCAACAGCCTTITTCCICTGITTGCCACATTTGCCGAGATG
wé TACACTACACCTCCGATATCTCAACAGCCTTITTCCTCTGITTGCCACATTTGCCGAGATG
w2 TACACTACACCTCCGATATCTCAACAGCCTITTCCICTGITTGCCACATTTGCCGAGATG
wl2 TACACTACACCTCCGATATCTCRACAGCCTITTCCICTGITTGCCACATTTGCCGAGATG
wll TACACTACACCTCCGATATCTCRAACAGCCTTITTCCTCTGTITTGCCACATTTGCCGAGATG
wl0 TACACTACACCTCCGATATCTCAACAGCCTTITTCCTCTGTITTGCCACATTTGCCGAGATG
w7 TACACTACACCTCCGATATCTCAACAGCCTITTCCICTGTITTGCCACATTTGCCGAGATG
we TAS .A-.TAVZSU TCCGATATCTCAACAGCCTITTCCTICTGITTGCCACATTTGCCGAGATG
wl TACACCTCCGATATCTCARCAGCCTITTCCTICTGTTTGCCACATTTGCCGAGATG
JX%60839 TACACTACACCTCCGATATCTCAACAGCCTITTCCTCTGTITTGCCACATTTGCCGAGATG
L S S )
w3 TTAGCTACGGCTGACTCATCCGARACATTCACGCTAACGGAGCATCTTTICTICTTTATCT
wé TTAGCTACGGCTGACTCATCCGRAACATTCACGCTAACGGAGCATCTTTCTICTTTATCT
w2 TTAGCTACGGCTGACTCATCCGAAACATTCACGCTAACGGAGCATCTTTCTTICTTTATCT
wl2 TTAGCTACGGCTGACTCATCCGAARACATTCACGCTARCGGAGCATCTTITICTICTTTATCT
wll TTAGCTACGGCTGACTCATCCGAAACATTCACGCTAACGGAGCATCTTTICTICTTITATICT
wl0 TTAGCTACGGCTGACTCATCCGARACATTCACGCTAACGGAGCATCTTTCTICTTTATCT
w7 TTAGCTACGGCTGACTCATCCGARACATTCACGCTAACGGAGCATCTTTCTICTTITATCT
we TTAGCTACGGCTGACTCATCCGAAACATTCACGCTRAACGGAGCATCTTTICTICTTTATCT
wl TTAGCTACGGCTGACTCATCCGARACATTCACGCTAACGGAGCATCTTTCTTCTTTATCT
JX9%c0839 TTAGCTACGGCTGACTCATCCGARACATTCACGCTAACGGAGCATCTTTCTICTTITATICT
R e i b S
w3 GTATTTATATACATATCGCCCGAGGACTCTACTATGGTICCTACCTATATAAAGARACCT
wé GTATTTATATACATATCGCCCGAGGACTCTACTATGGTICCTACCTATATRAARGARRACCT
w2 GIATTTATATACATATCGCCCGAGGACTCTACTATGGTTCCTACCTATATAARGARARCCT
wl2 GTATTTATATACATATCGCCCGAGGACTCTACTATGGTTICCTACCTATATAAAGAAACCT
wll GIATTTATATACATATCGCCCGAGGACTCTACTATGGTTCCTACCTATATAAAGAARCCT
wl0 GTATTTATATACATATCGCCCGRAGEACTCTACTATGETTCCTACCTATATARAGRARACCT
w1 GTATTTATATACATATCGCCCGAGGACTCTACTATGGTICCTACCTATATAAAGARACCT
we GTATTTATATACATATCGCCCGAGGACTCTACTATGETICCTACCTATATAARGARACCT
wl GTATTTATATACATATCGCCCGAGGACTCTACTATGGTTCCTACCTATATARAGRRRCCT
JX9¢0839 GTATTTATATACATATCGCCCGAGGACTCTACTATGGTTICCTACCTATATAAAGAAACCT
T o
w3 GRRATATCGGAGTCGTACTGCTACTTCTCACTATAATAACCGC
wé GRAATATCGGAGTCGTACTGC TAF'IT&. CACTATARTAACCGC
w2 GRAATATCGGAGTCGTACTGCTACTTCTCACTATAATAACCGC
wl2 GRRATATCGGAGTCGTACTGCTACTTCTCACTATARTAACCGE
wll GRRATATCGGAGTCGTACTGCTACTTCTCACTATAATAACCGC
wl0 GARATATCGGAGTCGTACTGCTACTTCTCACTATAATAACCGC
w7 GRRATATCGGAGTCGTACTGCTACTTCTCACTATAATAACCGE
wé GRRATATCGGAGTCGTACTGCTACTTCTCACTATAATAACCGT
wl GRRATATCGGAGTCGTACTGCTACTTCTCACTATAATAACCGC
JX9%c0839 GRAATATCGGAGTCGTACTGCTACTTCTCACTATARTAACCGE

R I o S o

Figure 3: DNA Sequence Alignment for S. trutta. ClustalW sequence alignment for the S. trutta DNA
sequences. A brown trout sequence from Quebec (Accession # JX960839) was included in the alignment
for comparison. There was a 100% match for all the nucleotides in each sequence.

When the 223 bases of the nine S. trutta (w) samples were analyzed along with a S. trutta from Quebec
(Accession # 1X960839) through CLUSTALW, there was a 100% match (Figure 3). Following the
translation of the DNA sequences into amino acid sequences, there was a 100% match for all the amino
acid sequences for both the S. fontinalis and S. trutta samples (Figures 4 and 5). When looking at the
DNA sequences for both the S. fontinalis and S. trutta, it was interesting to note that while the S.



fontinalis sequences fell into two distinct groups, the S. trutta sequences were exactly the same. This
result alone does not support our hypothesis that the greater the distance apart of the trout sampled,
the greater the differences in their DNA sequences. Even with the differences in the S. fontinalis DNA
sequences, the amino acid sequences were a 100% match, which is also contrary to our hypothesis. The
251 bases for S. fontinalis and 223 bases for S. trutta might seem too short for DNA sequence analysis,
but this partial cytb gene sequence, a product of universal cytb primers (20) has been used in many
studies for cytb gene sequence analysis (7, 21, 22, 23, 24).

CLUSTAL 2.1 multiple sequence alignment

k1 QILTGLFLAMHYTSDISTAFSSVCHICRDVSYGWLIRNIHANGASFFFICIYMHIARGLY
k2 QILTGLFLAMHYTSDISTAFSSVCHICRDVSYGWLIRNIHANGASFFFICIYMHIARGLY
k3 QILTGLFLAMHYTSDISTAFSSVCHICRDVSYGWLIRNIHANGASFFFICIYMHIARGLY
k4 QILTGLFLAMHYTSDISTAFSSVCHICRDVSYGWLIRNIHANGASFFFICIY MHIARGLY
k5 QILTGLFLAMHYTSDISTAFSSVCHICRDVSYGWLIRNIHANGASFFFICIY MHIARGLY
ké QILTGLFLAMHYTSDISTAFSSVCHICRDVSYGWLIRNIHANGASFFFICTY MHIARGLY
k7 QILTGLFLAMHYTSDISTAFSSVCHICRDVSYGWLIRNIHANGASFFFICIYMHIARGLY

JX960851 QILTGLFLAMHYTSDISTAFSSVCHICRDVSYGWLIRNIHANGASFFFICIYMHIARGLY
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k1 YGSYLYKETWNIGVV
k2 YGSYLYKETWNIGVV
k3 YGSYLYKETWNIGVV
k4 YGSYLYKETWNIGVV
k5 YGSYLYKETWNIGVV
k6 YGSYLYKETWNIGVV
k7 YGSYLYKETWNIGVV

JX960851 YGSYLYKETWNIGVV
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Figure 4: Amino Acid Sequence Alignment for S. fontinalis. The amino acids sequences for the S.
fontinalis samples aligned for comparison. There was a 100% match with the amino acid sequence.



wl ATQILTGLFLAMHYTSDISTAFSSVCHICRDVSYGWLIRNIHANGASFFFICIYMHIARG

w2 ATQILTGLFLAMHYTSDISTAFSSVCHICRDVSYGWLIRNIHANGASFFFICIYMHIARG
w3 ATQILTGLFLAMHYTSDISTAFSSVCHICRDVSYGWLIRNIHANGASFFFICIYMHIARG
wd ATQILTGLFLAMHYTSDISTAFSSVCHICRDVSYGWLIRNIHANGASFFFICIYMHIARG
wb ATQILTGLFLAMHYTSDISTAFSSVCHICRDVSYGWLIRNIHANGASFFFICIYMHIARG
w7 ATQILTGLFLAMHYTSDISTAFSSVCHICRDVSYGWLIRNIHANGASFFFICIYMHIARG
wl0 ATQILTGLFLAMHYTSDISTAFSSVCHICRDVSYGWLIRNIHANGASFFFICIYMHIARG
wll ATQILTGLFLAMHYTSDISTAFSSVCHICRDVSYGWLIRNIHANGASFFFICIYMHIARG
wl2 ATQILTGLFLAMHYTSDISTAFSSVCHICRDVSYGWLIRNIHANGASFFFICIYMHIARG
JX960839 ATQILTGLFLAMHYTSDISTAFSSVCHICRDVSYGWLIRNIHANGASFFFICIYMHIARG
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wl LYYGSYLYKETWNIGVVL
w2 LYYGSYLYKETWNIGVVL
w3 LYYGSYLYKETWNIGVVL
wé LYYGSYLYKETWNIGVVL
wb LYYGSYLYKETWNIGVVL
w7 LYYGSYLYKETWNIGVVL
wl0 LYYGSYLYKETWNIGVVL
wll LYYGSYLYKETWNIGVVL
wl2 LYYGSYLYKETWNIGVVL
JX960839 LYYGSYLYKETWNIGVVL

FEXEXXX XX XE XX EA XX EX

Figure 5: Amino Acid Sequence Alignment for S. trutta. The amino acids sequences for the S. fontinalis
samples aligned for comparison. There was a 100% match with the amino acid sequence.

Phylogenetic Analysis

Phylogenetic analysis was performed for both the DNA sequences from the S. fontinalis (Figure 6) and S.
trutta (Figure 7). The predicted S. fontinalis phylogenetic tree had two main branches. One branch
included the k2, k3, k4, k5, and k8; the other branch consisted of DNA samples k1, k6, k7 and the
Quebec sample (Accession #JX960851). The two S. trutta X S. fontinalis samples also fit in with the k1,
k6, k7, and Quebec branch (results not shown). These data corroborate the results from the DNA
sequence analysis. These data also suggest that trout from different collection sites were not genetically
distinct at the ctyb locus. For example, samples k1, k6, k7, Quebec, t1 and t2 (tiger samples) were 100%
identical, yet k1 and t1 were from the Vermont side of the Lake Champlain Basin, while samples k6, k7,
t2 were from the New York side of the Lake Champlain Basin, and the Quebec sample was from
southern Quebec. Since the cytb DNA sequences matched 100% for the brown trout samples, there
were no differences within the phylogenetic tree (Figure 7).
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Figure 6: Phylogenetic Tree Analysis for S. fontinalis DNA Sequences. Phylogenetic tree analysis of the
DNA sequences for the S. fontinalis samples. The results demonstrate two distinct branches. The
relationships are presented as a phylogram based on Bayesian Markov chain Monte Carlo (MCMC)
analysis. The MCMC analysis was performed in MrBayes using default parameters. Outgroup is Quebec
accession #JX960851. The phylogenetic tree was visualized by FigTree. Scale bar indicates branch length,
expressed as the expected number of substitutions per site.



wl

- W3

L owi/

wl0
L wll

wl2

JX960839

0.1

Figure 7:Phylogenetic Tree Analysis for S. trutta DNA Sequences. Phylogenetic tree analysis of the DNA
sequences for the S. trutta samples. There were no distinct differences between these sequences. The
relationships were presented as a phylogram based tree, visualized by FigTree. Scale bar indicates
branch length, expressed as the expected number of substitutions per site.

Codon Analysis

The overall deduced codon usage for both the S. fontinalis and S. trutta samples is summarized in Tables
2 and 3, respectively. In each table, the trout samples that were collected from the Lake Champlain
Basin (%LC) and sequenced for this study were compared against the trout sequences retrieved from the
NCBI database (%D). The NCBI database included 20 partial and complete sequences for S. fontinalis and
42 partial and complete sequences for S. trutta. We hypothesized that due to the low number of
sequences within the NCBI database, it would be of interest to compare our S. fontinalis and S. trutta
against them. In Table 2, there were many codon usage differences between S. fontinalis sequences in
the database (%D) and those from the Lake Champlain Basin samples (%LC). For example, the database
samples (%D) showed a more frequent usage of TGA for the amino acid Trp (84.70%) while the Lake
Champlain Basin samples (%LC) showed a consistent usage of the TGG codon (100%). Also, for the amino
acid Glu, in the %D samples there was 100% usage of the GAA sequence, while the %LC samples also had
a higher frequency of usage of the GAA sequence, but only at a 55.88% frequency. The Lake Champlain
Basin samples also showed an overall 58.3% A+T composition compared to the DNA sequences retrieved



from the NCBI database, which had an overall 54.19% A+T composition (data not shown). In contrast,
the codon usage in the S. trutta samples (Table 3) was similar between the database samples and the
Lake Champlain Basin samples. The only exceptions were with codons for amino acids Pro, Asp and Arg.
The %LC samples had 100% usage of CCA (Pro), GAT (Asp) and CGA (Arg) compared to the %D samples at
37.2% (CCA), 43.4% (GAT), and 59.6% (CGA) for the same amino acids. The Lake Champlain Basin brown
trout samples also showed a 56.8% A+T composition within the codon usage compared to the 53.9%
A+T% for the NCBI database samples (data not shown).

TABLE2. Codon Usage in Salvelinus fontinalis
aa Codon | %D %LC | aa | Codon | %D %LC | aa | Codon | %D %LC | aa | Codon | %D %LC
TTT 43.09 | 48.28 | Arg | CGT 0 0 Ter | AGA 26.50 | 20.80 | Cys | TGT 75.00 | 69.23
Phe | TTC 56.91 | 51.72 CGC 290 |0 AGG 21.20 | 13.90 TGC 25.00 | 30.77
Leu | TTA 13.42 | 28.84 CGA 97.10 | 64.29 TAA 29.10 | 25.00 | Trp | TGA 84.70 | 0
TTG 0 19.23 CGG 0 35.71 TAG 23.20 | 40.30 TGG 15.30 | 100
CTT 18.42 | 5.77 | Pro | CCT 14,91 | 32.31 | His | CAT 19.35 | 56.52 | Ser | TCT 33.20 | 33.33
CTC 38,95 | 17.31 CCC 43.86 | 10.77 CAC 80.65 | 43.48 TCC 33.20 | 18.18
CTA 29.21 | 28.85 CCA 41,23 | 16.92 | GIn | CAA 96.08 | 23.81 TCA 16.10 | 4.55
CTG 0 0 CCG 0 40.00 CAG 392 | 76.19 TCG 10.20 | 12.12
lle ATT 53.57 | 52.17 | Thr | ACT 17.84 | 23.34 | Asn | AAT 48.52 | 47.37 AGT 7.30 | 22.73
ATC 46.43 | 47.83 ACC 53.50 | 13.33 AAC 51.48 | 52.63 AGC 0 9.09
Met | ATA 54.90 | 61.90 ACA 27.56 | 33.33 | Lys | AAA 90.30 | 62.96 | Gly | GGT 13.10 | 28.78
ATG 45,10 | 38.10 ACG 1.10 | 30.00 AAG 9.70 | 37.04 GGC 25.79 | 22.72
Val | GTT 11.70 | 30.00 | Ala | GCT 32.06 | 15.79 | Asp | GAT 42.31| 72.22 GGA 29.76 | 36.36
GTC 15,50 | 27.50 GCC 51.53 | 36.84 GAC 57.69 | 27.78 GGG 31.35 | 12.12
GTA 69.50 | 17.50 GCA 14,50 | 21.05 | Glu | GAA 100 55.88 | Tyr | TAT 30.20 | 90.00
GTG 3.30 | 25.00 GCG 191 | 26.32 GAG 0 44,12 TAC 69.80 | 10.00

Table 2: Codon Usage in S. fontinalis. Percent differences in codon usage from S. fontinalis sequences in
the NCBI database (%D) compared to those of the Lake Champlain Basin samples (%LC). Codons
highlighted in yellow had a large difference between the two sample sets (%D and %LC).

TABLE 3 Codon Usage in Salmo trutta

aa Codon | %D %LC aa Codon | %D %LC aa Codon | %D %6LC aa Codon | %D %LC
TTT 33.5| 34.61 | Arg | CGT | 0.1 0 Tyr | TAT 30.2 | 37.50 | Cys | TGT | 49.4 | 33.33

Phe | TTC 66.5 | 65.39 CGC [ 327|0 TAC 69.8 | 62.50 TGC | 51.6 | 66.66

Leu | TTA 93 |0 CGA | 59.6 | 100 Ter | TAA | O 0 Trp | TGA | 95.3 | 100
TG |16 |0 CGG |67 | O TAG | O 0 TGG | 4.7 | 100
cTT 20.1 | 23.94 | Pro | CCT 205 |0 His | CAT | 37.0| 25.00 | Ser | TCT 31.7 | 29.03
CTC | 30.3 | 38.03 CCC | 359 |0 CAC | 63.0| 75.00 TCC | 32.3 | 43.55
CTA | 31.1 | 25.35 CCA | 37.2 | 100 GIn | CAA | 81.7 | 100 TCA | 24.2 | 27.42
CTG | 7.6 | 12.68 CCG (64 |0 CAG (183 |0 TCG |54 |0

lle | ATT 40.5 | 37.50 | Thr | ACT 13.4 | 20.00 | Asn | AAT | 34.6 | 33.33 AGT | O 0
ATC | 59.5 | 62.50 ACC | 60.1 | 60.00 AAC | 65.4 | 66.66 AGC | 6.4 | 100

Met | ATA | 89.9 | 100 ACA | 22.1 | 20.00 | Lys | AAA | 63.1 | 100 Gly | GGT | 9.8 11.76
ATG |101 |0 ACG |44 |0 AAG (369 |0 GGC | 37.9 | 25.00

Val | GTT | 34.8 | 50.00 | Ala | GCT | 24.2 | 20.45 | Asp | GAT | 43.4 | 100 GGA | 49.1 | 51.47
GTC | 27.8|17.31 GCC | 53.4 | 59.10 GAC | 56,6 |0 GGG | 3.2 | 11.76
GTA |31.1]17.31 GCA | 22.2| 2045 | Glu | GAA | 969 | 100 | Ter | AGA | 0 0
GTG | 6.3 | 15.38 GCG |02 |0 GAG (3.1 |0 AGG | 0 0




Table 3: Codon Usage in S. trutta. Percent differences in codon usage from S. trutta sequences in the
NCBI database (%D) compared to those of the Lake Champlain Basin samples (%LC). Codons highlighted
in yellow had a large difference between the two sample sets (%D and %LC).

Discussion

To date, no cytochrome B gene has been characterized from S. fontinalis or S. trutta found within the
Lake Champlain Basin. Here, a bioinformatics approach was taken to analyze samples collected from the
New York and Vermont sides of the Lake Champlain Basin. The nucleotide sequences of the S. fontinalis
were aligned to determine their phylogenetic relationships. Results showed that the S. fontinalis DNA
sequences fell into two distinct sequence patterns (Figure 6). Overall, there was only a 38.06% identical
DNA match (Figure 2). However, when the two distinct sequence groups (k2, k3, k4, k5, k8 & k1, k6, k7,
Quebec) were compared, their sequences had a 97.38% and 100% match, respectively. This alone
dismissed the hypothesis that the farther apart the collection sites are, the greater differences within
the DNA sequences. For example, sample k1 was from the Vermont side of the Lake Champlain Basin,
while sample k7 was from the New York side of the basin, yet they still had a 100% DNA match despite
the 100+ mile difference in distance between collection sites. Despite the DNA sequence differences,
there was a 100% match for the amino acid sequences in both the S. fontinalis and S. trutta samples
(Figure 4 and 5). It was most surprising how many differences there were in codon usage for the S.
fontinalis samples already found in the NCBI database versus the samples collected for this study,
particularly with the amino acids Glu, Tyr and Trp (Table 2). The codon usage for the S. trutta samples
did not show as many differences. However, any differences observed were in the amino acids Pro, Arg,
Asp. In this study, the S. trutta samples from the Lake Champlain Basin had a 100% match for one
specific codon with each of the mentioned amino acids (Table 3). The DNA diversity of the S. fontinalis
sequences, genetic distance and phylogenetic relationship data failed to show any distinct association
with similar geographic location. Genetic differences within the S. trutta samples were not found in this
study. Could the 100% match in the S. trutta samples be due to the stocking of the streams with this
non-native species? Both New York and Vermont have long histories (decades) of stocking the Lake
Champlain Basin with the non-native S. trutta from fish hatcheries within each state. Part of the
argument for the stocking was to assist the fishing industry within the Lake Champlain Basin, since this
contributes heavily to the local economy. Annually, there are over 40 different fishing tournaments
within the basin. However, the Lake Champlain Basin is relatively young, being only 13,000 yrs old at
best (25), perhaps not allowing enough time for genetic diversity to occur. Since this study did not
resolve the phylogenetic relationships among the S. trutta samples, perhaps further studies are required
based on more mtDNA or nuclear DNA genes. While mtDNA has been extremely useful in the study of
genetic diversity, it should be noted that mtDNA is only inherited on the maternal side. Therefore,
studying nuclear DNA might prove to be more useful for this kind of study. Still, in this study, the mtDNA
did support that the tiger trout samples were due to a female S. fontinalis (brook trout) mating with a
male S. trutta (brown trout), thus producing the S. fontinalis X S. trutta. While the number of samples
for this study was limited due to habitat destruction and declining S. fontinalis populations, this study
initiated genetic monitoring of the trout population, which was a priority for the New York State
Department of Environmental Conservation. It also supported that S. fontinalis and S. trutta mate and



produce sterile hybrids. In addition to the habitat destruction, which could be lowering the S. fontinalis
population, an increased amount of phosphorus is getting into the basin and having a detrimental
impact on the environment. Since 2002, Vermont alone has spent over $100 million in combined state
and federal money with little improvements in water quality (26). The findings from this study were
shared with the NYDEC, Lake Champlain Research Institute and the U.S. Department of Interior-Fish and
Wildlife Vermont Division. These data may play a role in their decision-making with regards to trout
habitat and the stocking of the tributaries with S. trutta.

Finally, the DNA sequences from this study will be submitted to the NCBI database, which will greatly
enhance this database. Currently, only 20 Salvelinus fontinalis and 42 Salmo trutta partial and full DNA
sequences for the cytochrome b gene are available, none of which are from the Lake Champlain Basin.

Materials and Methods
Sample Collection and DNA Sequencing

Protocols were followed as described previously(5). To summarize, S. fontinalis, S. trutta, and S.
fontinalis X S. trutta were caught and released in True Brook in Saranac, New York and Great Brook in
Plainfield, Vermont by electroshocking the water (Figure 1 and Table 1). The trout, N = 22 (Table 1),
were scooped up in nets, small fin clippings were taken from the caudal fin or adipose fin and samples
were put in sterile collection tubes. The collected fish were initially identified as S. trutta, S. fontinalis,
and S. fontinalis X S. trutta. Gloves were worn when handling each fish. DNA was isolated following the
Animal Tissue Spin Column Protocol from DNeasy® Blood and Tissue protocol from Qiagen. The isolated
genomic DNA went through polymerase chain reactions (PCR) using PuReTaq Ready-To-Go PCR beads,
200-400 ng of DNA, and 2 uM of forward and reverse primers (Forward: 5’AAAA
AGCTTCCATCCAACATCTCAGC3’, Reverse: 5’AAACTGCAGCCCCTCAGAAT GATATT3’). The thermal cycler
was programmed for 35 cycles of 940C for 30 sec, 560C for 30 sec, and 720C for one minute. After PCR,
4 ul of 5x loading dye was mixed with 20ul of each DNA sample and loaded into a 1.25% agarose gel
containing ethidium bromide. Following DNA gel electrophoresis, each gel was visualized and
photographed using a gel documentation system. Samples were excised from the gel and cleaned using
Qiagen’s QlAquick Gel Extraction kit. Additionally, samples were sequenced using the Sanger method
and analyzed through a sequence alignment program which produced phylogenetic trees. Several
samples (w5, w8) were removed from this study due to trout misidentification. Additionally, sample w9
was also removed due to sample size and damage.

The electroshocking and collection of sample clippings were performed by and under the permits of
wildlife biologist Madeleine Lyttle (US Department of Fish and Wildlife) and Dr. Timothy Mihuc, Director
of the Lake Champlain Research Institute, who provided the samples.



Sequence Alignment and Data Analysis

This data set was composed of partial cytb gene sequences from 21 sequences. All DNA sequences were
viewed through 4Peaks (27). The following software programs were used for analysis: BLAST (28),
CLUSTALW (29), Phylogenetic Tree Analysis, Translation (30), and Codon Analysis (31). Several
sequences were excluded from this study because they were not from brook, brown or tiger trout, but
were determined to be from rainbow trout.

Sequences Employed

In addition to the cytb samples that were sequenced from the collected brook, tiger, and brown trout
samples, cytb sequences were also retrieved from the National Center for Biotechnology Information
(NCBI) database. All 20 of the brook trout cytb sequences found in the NCBI database were collected,
their accession numbers were: D58399; AB291985; KC344819 KC344820; JX960851; JX960852;
HQ167699; DQ451369; DQ451367; DQ451365; DQ451363; DQ451361; DQ451359; DQ451368;
DQ451366; DQ451364; DQ451362; DQ451360; AB291985; NC_000860; AF154850 . Also, 20 brown trout
cytb sequences were retrieved from the NCBI database, the accession numbers were: D58400;
JX960839; JX960837; JX960835; JX960836; INO07726; U63889; AF172396; U63892; U63890; U63888;
JN007724; HQ167696; FI608999; F1608997; FI608995; FI1608993; FI608991; FI608989; FI608987. These
sequences were used for comparative analysis with the sequences from this study.
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