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ABSTRACT

The identification and classification of similar cryptic species such as
Kryptolebias marmoratus and Kryptolebias ocellatus, as distinct species has always been
problematic within the biological sciences. Though Kryptolebias marmoratus and
Kryptolebias ocellatus are both known to be self-fertilizing hermaphrodites, out crossing
has been observed resulting in heterozygous offspring. Recently, a viable hybrid (Gitmo)
between K. marmoratus and K. ocellatus has been isolated in the Valdosta State
University aquatic lab. This hybrid questions the proposed species status of these fishes.

Classifications of organisms are usually based on both morphological and
genotypic studies. Based on morphological studies, both fishes were thought to be
synonymous because of very similar anatomical and physiological characteristics.
Mitochondrial studies (genotypic analysis) of these fishes have suggested otherwise.
Unfortunately, thorough whole genome studies are very expensive and labour intensive.
Methods such as Restriction Fragment Length Polymorphisms (RFLP), Amplified
Fragment Length Polymorphisms (AFLP) and microsatellite analysis are more commonly
used. These methods, though helpful, make analyses based on the length polymorphisms
of the DNA fragments and only a small portion of the genome. Furthermore, surveys
yield a very limited amount of genetic information.

A more reliable method of analyzing large numbers of these genotypic markers
concurrently would be extremely valuable for taxonomic questions. Developing
Restriction Associated DNA Tag (RADTag) genome sequencing using methods for the
Ion Torrent Personal Genome Machine (PGM) provides a way not only to cut down the

cost of genomic sequencing but also provides a method that performs thousands of Single



Nucleotide Polymorphisms (SNP) analyses at once, without the use of a reference
sequence. Analysis of RADTag sequences on public domains “Stacks” software
displayed thousands of markers present in the Hon9 (Kryptolebias marmoratus) genome
and confirms the Hon9 strain to be highly homozygous (0.999) across all loci. This
achievement paves the way for further genomic studies with high throughputs and
accuracy. This RADtag genome will provide the information needed for resolving the
questionable relationship between K. marmoratus and the presumptive K. ocellatus
cryptic species.

Key words: RAD-Tags, SNP analysis, AFLP, RFLP, cryptic species
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Chapter I
INTRODUCTION
Cryptic Species

Cryptic species are distinct species erroneously classified to be of the same taxa,
based on similarities in morphology (Pfenninger & Schwenk, 2007) and occasionally
physiology. The causes of these cryptic natures are still unclear and several reasons such
as convergent evolution due to habitat, latitude interspecific interactions, and genetics (de
Knijff, 2014) have been suggested. The generally accepted reason is selection resulting in
convergent evolution. Behavioral selection and physiological selection of species found
in the same habitat and under the similar environmental condition are more likely to
exhibit morphological resemblance (Bickford, 2007).

Kryptolebias marmoratus, also known as mangrove killifish, and Rivulus
ocellatus are examples of presumed cryptic species that belong to the Aplocheilidae
family and order Cyprinodontiformes (Figure 1). Kryptolebias marmoratus can be found
in close association with Red Mangrove Coastal habitats from Florida through Bahamas,
Yucatan Peninsula, Venezuela and Guianas as well as Cuba and other Caribbean islands
(Costa, 2004a, 2004b). Kryptolebias ocellatus is mostly found in the southeastern coastal
regions of Brazil (Hensel, 1868). For many years, 1906-1984, these fishes were once
thought to be synonymous based on morphological classification (Santos, 1997). The
idea of K. marmoratus and K. ocellatus being conspecific was based on an aquarium bred

specimens whose questionable lineage was believed to be from Greta Fundra. By using a



single specimen from Rio de Janeiro for the classification, Hensel (1868) declared K.
ocellatus was synonymous to K. marmoratus and even a third species K.
caudomarginatus. Not only were they morphologically similar, physiological comparison
showed both K. marmoratus and K. ocellatus to be self-fertilizing androdioecious
vertebrates with emersion capabilities (Noerdlic, 2006) due to modified gills and
cutaneous respiration abilities (Grizzle & Thiyagarajah 1987).
Genotypic Classification

The development of advanced molecular biological methods such as PCR,
microsatellites, DNA sequencing, among other new methods have been very efficient in
identifying and classifying organism. Several cryptic species have also been clearly
distinguished by these methods even though they were morphologically or
physiologically identical (Hebert et al., 2004). In a span of about 2 decades, the amount
of molecular research on cryptic species increased tremendously thereby resolving many
questions of identity among cryptic species (Figure 2). These methods rely on the
identification of few genetic markers that are diagnostic of a particular cryptic species
pairs.

Molecular Markers

In population and genomic analysis, the laboratory identification and development
of known genetic markers is essential. These markers provide the genetic information for
downstream identity and large population studies. Molecular markers also known as
genetic markers are any identifiable DNA polymorphisms that are known in the genome
of an organism. These markers may also serve as reference points for the analysis of

adjacent unknown sections of an organism’s DNA, be it nuclear or mitochondrial. The



use of genetic markers has improved the amount and efficiency of research into genetic
diversity from the population to individual level (Hillis et al., 1996). A number of
techniques relying on different loci types such as microsatellite, Amplified Fragment
Length Polymorphisms (AFLP), Single Nucleotide Polymorphisms (SNP) analyses, DNA
sequencing, etc., are currently used as genetic markers (Tanya and Kumar, 2010). There
are two types of genetic markers, type 1 and type 2, based on their location in the
genome. Usually a type 1 marker, e.g. allozymes, are found within coding regions and
those found in noncoding regions e.g. microsatellites are known as type 2, (Tanya &
Kumar, 2010). Generally, type 2 markers are used in genotypic classification studies due
to the relatively low cost of such experiments when compared to sequencing and the
presumed evolutionary neutrality of such loci.

Restriction Associated DNA Tags (Radtags)

Microsatellite and AFLP analyses make comparisons among allelic fragment
lengths hence, some mutations such as insertions and deletions can determine the
outcome of these methods. Such studies therefore provide information of limited type for
only small sample of loci types. Therefore, analyzing the DNA nucleotide sequence is a
better option providing far more information and resolution to limit the probability of
wrongful classification. A comparison of mitochondria gene sequences of K. marmoratus
and K. ocellatus ( Tatarenkov et al., 2009) have suggested these fishes to be grouped as
sister taxa (Figure 3 and 4). With the development of Next Generation Sequencing (NGS)
methods, sequencing of whole genomes has been made easier having much higher output

than prior Sanger dideoxynucleotide sequencing. On the down side, NGS machines are



expensive and analyzing the huge outputs of sequence data can become a problem with
current softwares.

Restriction associated DNA Tags (RADTags) are DNA sequence markers that
are produced by analyzing restriction digested DNA. RADTag sequencing involves the
sampling of the genome for homologous locations then identifying SNP markers present
at those loci (Catchen et al., 2013). Since RADTag fragments have unique sites that can
be easily recognized, comparing and analyzing large data sets of fragments surveyed
across whole genomes can be performed providing fine scale, accurate genome surveys.
Restriction associated DNA sequence proprietary methods have been developed on the
Solexa NGS machine (Illumina, San Diego) using Sbf I restriction enzyme and produced
fragment sequences length of approximately 50bp (Amores et al., 2011). The Ion Torrent
Personal Genome Machine (PGM) (Life Technologies, Carlsbad) produces
approximately 100 Mb, 1 Gb and 2 Gb on the 314, 316 and 318 chip respectively, with an
optimized sequenced fragment length not less than 100bp. This implies that more loci can
be identified and analyzed. In order to make this unique and efficient mode of sequencing
(RADTag sequencing) applicable to cryptic species analysis, more efficient and more
practical for less heavily funded labs, this project was performed to develop RADTag
libraries and methods for genomes to be sequenced on the Ion Torrent PGM due to the

relatively low cost of this machine and its extremely high sequencing efficiency.



Chapter II
MATERIALS AND METHODS

Location

All experiments were performed within the molecular biological laboratories of
the Department of Biology, College of Arts and Sciences at Valdosta State University,
Valdosta, Georgia from 2012 to 2014.
Ethics Statement

The Animal Use Protocol (AUP-00045-2012) for handling fish material was
adhered to (Appendix D) and was approved by the Valdosta State University Institutional
Animal Care and Use Committee under Animal Welfare Assurance Number A4578-01.
Fish samples were obtained from cultures in the aquatic lab of the Department of
Biology. Fish were bred into a new generation before they were selected for euthanizing.
Selection was not based on sex or age but on the size of the fish. Only Two Hon 9 (strain
designation) (Kryptolebias marmoratus) individuals of approximately 35 mm were
needed to provide genome samples for this study.
Mitochondria and Nuclei Separation

The Hon 9 specimens were euthanized using standard anesthetic methods prior to
pithing. Muscle and soft tissue samples of approximately 300 mg per individual were
collected while making sure to exclude the gut and its contents to avoid bacterial DNA
contamination. Euthanized fish were washed with a standard 1X PBS wash buffer (Green

Sambrok, 2010) in order to remove excess blood and external contaminants. Tissues were



minced on chilled glass plates that had been sterilized with 90% ethanol. In order to
prevent over sampling of mitochondrial sequences, mitochondria and nuclei separation
was done by means of a modified procedure using chilled Isolation Buffer consisting of
250 mM sucrose, 10mM Tris-HCI pH 7.4 and 0.1 mM EGTA (Chandel Lab). All
solutions and instruments were pre-chilled before use and all operations were carried out
on ice. Approximately 200 mg of minced sample was placed in a Dounce Homogenizer
with 2 mL of Isolation Buffer. Not more than 10 strokes were applied with both the A
and B pestle sequentially to homogenize cells and release the nuclei. An initial
centrifugation at 1,000 g for 10minutes at 4°c on a Table Top Centrifuge (Thermo IEC
Multi RF) of the homogenate was performed to produce pellets from the larger tissue
fragments which contained the nuclei by sucrose gradient. The supernatant was
transferred into a new centrifuge tube and centrifuged at 12,500 g for 15-20minutes at
4°C in order to produce pellets containing the mitochondria. The nuclei and mitochondria
pellets were then subjected to DNA extraction procedures separately.
DNA Extraction

Nuclei and mitochondria pellets were each separately re-suspended in equal mass-
volume ratios of 2% SDS lyses buffer with 1 pL of proteinase K and incubated at 55°C
overnight. Samples were agitated every 20 minutes within the first hour. A 5 minute
centrifugation at 13,000 rpm was performed at the end of the incubation period to pellet
cellular debris from the nuclear and mitochondria DNA. DNA was further purified by
subsequent extraction with phenol, phenol-chloroform, chloroform-Isoamyl and
chloroform. Extractions were followed by centrifugation at 13,000 rpm for 5 minutes. In

each case the supernatant was collected while trying not to disturb the inter-phase and



transferred to a new microtube. To produce pellets of DNA, 200 mM NaCl was added,
mixed and topped off with approximately 2X volumes of absolute 100% Ethanol, mixed
and incubated at -20°C overnight to ensure efficient precipitation of DNA. Samples were
then centrifuged at 13,000 rpm for 30 minutes to produce pellets of nucleic acids. Nucleic
acid pellets were washed with 70% ethanol to remove the excess salts and air dried to
remove residual ethanol. DNA was re-suspended in a solution made up of 100 uL of 10
mM Tris-HCI and 1 mM EDTA pH 8.0 buffers. Quality of the sample and fragment size
were analyzed using the Nano drop 2000 ((ThermoScientific, Wilmington) and Agilent
2200 TapeStation System, cat # G2964AA, with Genomic DNA Screen Tape, part #
5067-5365 (Agilent Technologies, Santa Clara) then stored at -20°C.
Library Preparation

Library preparation involves restriction digestion of DNA, ligation of the adaptors
containing PCR primer sites and sites necessary for the Ion Torrent sequencing method to
the target fragments, size selection for the appropriate fragment size and PCR
amplification to produce an adequate number of fragments for sequencing. Three
different libraries were built from the same genomic DNA (gDNA) stock samples using
three different techniques: technique I (sample A), technique II (sample B) and technique
III (sample C) that are described below. These techniques are a hybrid modification of
the NEBNext Fast DNA Library Prep Set for Ion Torrent, NEB # E6270S/L, (New
England BioLabs, Ipswich) and the RADTag sequencing protocol for Solexa - Illumina
(Amores et al., 2011). Products of each step of the modified techniques were analyzed

with the Agilent 2200 TapeStation System, cat. # G2964AA, and the D1K Screen Tape



part # 5067-5361(Agilent Technologies, Santa Clara), capable of detecting between 75 —
1000 pg/uL to verify the quality of the DNA before proceeding to the next stage.
Genomic DNA Digestion

DNA samples were treated with RNAseA to remove excess RNA that might be
present in the sample. Sample digestion was done using Pst / restriction enzyme, cat. #
R31408S, (New England BioLabs, Ipswich), which is a 6 bp cutter, has a GC-rich
recognition site (5’-CTGCA”G-3’) and cuts approximately 100,000 times in Teleost
genomes. A 50 pL restriction digest comprised of 1 pL Pst /enzyme, 5 uL of Cutsmart
buffer and 1pg of gDNA was incubated at 37°C for 1 hour in technique I and 2 hours in
technique III. The extended length of the incubation period for technique III was to
produce shorter fragment lengths. The restriction enzyme was subsequently deactivated
at 80°C for 20 minutes.

In technique II, a double digestion was performed using Pst I followed by a
secondary restriction enzyme, Hae I11, cat. # R0108S (New England BioLabs, Ipswich),
using the digestion protocol for sample C above. This enzyme is a four base cutter hence
will cut approximately every 256 bases with a 5°-GG*CC-3’ recognition site. The double
digestion was performed to digest the gDNA sample to an approximate length of 300 bp
without destroying any of the Pst¢ I recognition sites while reducing the fragment length
to the required without fragmentation. Digested samples A, B and C were then purified
with Qiagen MinElute PCR purification kit columns, cat. # 28004, (Qaigen,Valencia) and
eluted in 15 pL, 35 pL and 35 pL of nuclease free water respectfully. Samples B and C

were then stored at a temperature range of 2°C to 8°C for later processing.
p g p g



Fragmentation

The 15 Pst 1 — digested genomic ‘sample A’ was then further fragmented using
NEBNext dsDNA fragmentase, cat. # M0348S, (New England BioLabs, Ipswich). This
enzyme cuts DNA randomly and final fragment is dependent on the initial concentration
of the DNA and the incubation time for the reaction. The reaction mixture contained 2 pL
of Fragmentase enzyme, 2 pL of 10X reaction buffer, 0.2 pL of BSA and the final
volume was raised to 20 uL with nuclease free water. This reaction was incubated at
37°C for 20 minutes in order to gain an average fragment size of 300 bp which is very
close to the optimal 260 bp suggested by Ion Torrent for sequencing 200 bp reads. The
reaction was terminated by adding 5 pl of 0.5M EDTA. The sample was then purified
with Qiagen MinElute PCR purification kit columns, cat. # 28004, (Qaigen, Venlo) while
paying close attention to the pH of the fragmented DNA sample. This was usually
achieved by adding 10 uL of 3M sodium acetate to the sample when the pH was
observed to be too high in order to facilitate adsorption of DNA to the silica gels in the
columns. A final clean sample volume of 35 uL of was then stored on ice. This
fragmentation step was performed on only sample A.

Adaptor Design

Two types of adaptors are used in developing DNA libraries for sequencing on
the Ion Torrent PGM, namely, “A-adaptor” and the “P-adaptor.” Both adaptors contain
known PCR priming sites. The “A- adaptor” which has the recognition sequence (5’-
TCAG-3’) for the lon Torrent PGM was modified for directed ligation to the Pst /
digested genomic DNA. This was achieved by designing and ordering separate top and

bottom oligos of the “A-adaptor” fragment with the top oligos having extra nucleotides



that are complementary to the Ps¢ [ restriction overhang on the digested genomic
fragments. A 100uM “A-adaptor” stock solution consisting of equimolar top and bottom
strand, 5’- CCATCTCATCCCTGCGTGTCTCCGACTCAGTGC*A-3’and 5’phos
CTGAGTCGGCGACACACGGGGATGAGATGG-3 respectively, were denatured at
98°C and the temperature was decreased by 1°C per minute until 25°C in order to
promote effective and accurate complementary annealing of the oligos (Amores et al.,
2011). The P-adaptor sequence (5'-
CCACTACGCCTCCGCTTTCCTCTCTATGGGCAGTCGGTG AT-3', 5'-
ATCACCGACTGCCCATAGAGAGGAAAGCGGAGGCGTAGTGG*T*T-3) has a
complementary strand of DNA on the Ion Sphere Particles (ISPs) which is used to
amplify the library through emulsion polymerase chain reaction, emPCR, prior to loading
onto the chip for sequencing. The P - adaptor was obtained from the Ion Express 1-16
barcode kit, cat. # 4471250, (Life Technologies, Carlsbad). The “A-adaptor” and “P-
adaptor” fragments were compared to the standard A and P adaptor mix from the
NEBNext® Fast DNA Library Prep Set for Ion Torrent (NEB # E6270S/L) (New
England BioLabs, Ipswich) using the Agilent 2200 TapeStation System, cat. # G2964AA,
and the D1K Screen Tape, part # 5067-5361 (Agilent Technologies, Santa Clara).
A-Adaptor Ligation

A total amount of 5 pL of the modified ion torrent “A-adaptor” (200nM) was then
ligated unto the Pst I digested and fragmented sample A and double digested sample B.
A 50 pL reaction contained 3 pL of T4 ligase, 5 uL of T4 ligase buffer and 0.5 pL of
BST for each sample. Finally, sample volumes were adjusted with nuclease free water

and 1.5 pL of ATP was added to begin the reaction. The mixtures were incubated at a
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25°C for one hour. The ligase enzyme was deactivated by incubating at 65°C for 30
minutes. The samples were then purified using Qiagen MinElute PCR purification kit
columns, cat. # 28004, (Qaigen,Venlo) and eluted in 35 pL of nuclease free water.

In order to verify that the A-adaptor ligated to the Pst [ restriction digested
genomic DNA overhangs, a ligation trial of the modified adaptor was performed. A
genomic DNA sample was digested with Ps¢ I then ligated to the modified A-adaptor as
described above. The sample DNA was then amplified for 30 cycles (95°C for 1 minute,
64°C for 30 seconds, 72°C for 4 minutes). A 4-minute extention time was set due to the
length of the Pst I digested gDNA fragments, approximately 4kb. In order to effectively
amplify the Pst [ digested and ligated samples, the A-primer was used as both the forward
and reverse primers (5’- CCATCTCATCCCTGCGTGTCTCCGACTCAGTGCA- 3°).

End Repair
In order to facilitate the ligation of the “P-adaptor” an end repair reaction was
then performed with the End-It™ DNA End-Repair Kit, cat. # ER0720 (Epicenter,
Madison, WI-USA) on all three samples since the “P-adaptor” ligates onto only blunted
ends. The 34 pL of the eluted “A-adaptor” samples (A and B) and digested sample C
were used for end repair. Reactions contained 5 puL each of buffer, AINTPs mix, ATP and
1 pL of enzyme from End-It™ DNA End-Repair Kit (Epicenter, Madison, WI-USA).
The final volume was adjusted to 50 pL and incubated in a thermal cycler for 45 minutes
at 25°C. The enzyme was deactivated by holding the samples at 70°C for 10 minutes.
P —Adaptor Ligation
A similar procedure as that for the “A-adaptor” ligation was used for “P-adaptor”

ligation. Ten pL ligase buffer and 10 uL P-adaptor were added to the 50 uL end repaired
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samples (A and B). A final reaction volume of 100 was achieved by adding 6 uL of T4
ligase enzyme, 1 pL of BST, nuclease free water and incubated for 15 minutes at 25°C.
The enzyme was then deactivated by raising the temperature to 65°C for 5 minutes and
centrifuged before storing on ice.

For sample C, the standard adaptor mix from NEBNext® Fast DNA Library Prep
Set for Ion Torrent (NEB # E6270S/L) (New England BioLabs, Ipswich) was used to
randomly incorporate the A and P adaptors unto the blunt ends of the Pst I digested
sample C. This was because there was no fragmentation and “A-adaptor ligation prior to
end-repair A 100 pL reaction mixture comprising 50 uL of blunt-end sample C, 10 pL of
T4 ligase buffer, 20 pL of adaptor mix, 6 pL of enzyme, 1 pL BST and nuclease free
water was incubated for 15 minutes at 25°C with a deactivation step of temperature 65°C
for 5 minutes, followed by centrifugation and storage on ice.

Size Selection

Size selection was performed to select for the total fragment length to be
amplified to the recommended size range, i.e. adaptors and target fragments. Agencourt
AMPure XP 5 mL Kit, cat. # A63880 (Beckman Coulter, Brea CA-USA), was used for
size selection of ligated sample fragments ranging between 310 and 370bp from all three
samples. The beads were first vortexed for 30 seconds before use. Following kit
protocols, fragments larger than 370 bp were removed by adding a volume of Ampure
beads equivalent to 70% of the sample. The mixture was mixed thoroughly, incubated for
5 minutes at room temperature and then set on a magnetic rack for approximately 5
minutes. The supernatant was then collected without disturbing the beads at the bottom.

Subsequently, 15 pL of beads (15% vol/vol of initial DNA sample) were then added to
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the supernatant to recover fragments of 310-370 bp. The mixture was placed on the
magnetic rack and the clear supernatant was collected and discarded. Beads bound to
desired size range fragments were washed twice with freshly prepared 80% ethanol while
the sample bound beads were still bound on the magnetic rack. After removing and
discarding the alcohol, the sample was allowed to air dry. The sample bound beads were
subsequently eluted in 45 pL nuclease free water and allowed to incubate at room
temperature for approximately 5 minutes while off the magnetic rack. The elution was
then put back on the magnetic rack for about 3 minutes to separate the beads from the
solvent. A total of 40 pL of solvent was carefully removed so as not to disturb the beads
since the beads had no DNA bound to them.

Amplification

The size selected fragments were then PCR amplified to increase the number of

acquired sequence library fragments for downstream sequence reactions. PCR was
stopped while still in the linear phase. Reagents and primers from the NEBNext® Fast
DNA Library Prep Set for Ion Torrent™, cat. # E6270S (New England BioLabs,
Ipswich) were used amplification. The kit protocol was used for initialization,
denaturation, annealing and extension but the number of cycles was increased to 8 to
make sure the RADTag libraries amplified. After the amplification reaction, the sample
was purified with Ampure beads using a bead to DNA ratio of 1:1. Amplified samples
were then eluted in 35 pL of 100mM TE buffer for storage and subsequent sequencing

reactions.
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Template Preparation

Template preparation aids in the ligation of the library to ION Sphere Particles
(ISPs), amplification of ISP-Template conjugate and then denaturing the DNA to obtain
single strand templates. This step is very important as it determines quality of sequences
and also makes the fragments recognizable to the ION Torrent PGM.

Emulsion PCR

Prior to the emulsion PCR (emPCR), a partial genomic DNA library of E. coli
from the Ton Control Material 200kit, cat. # 4471249 (Life Technologies, Carlsbad) with
known concentration and fragment size was diluted to approximately 26 pmol/L. This
control was used following Kit protocols in determining the average concentration of
samples in ng/L needed for an effective emulsion PCR. The samples (A, B, and C) were
then diluted with nuclease free water in order to gain less than 26 pmol/L of DNA. An
amount of 20 pL of the diluted sample was then used in each sample’s emPCR
procedure. A 1000 pL amplification solution made up of Ion OneTouch™ 2X Reagent
Mix, Ion OneTouch™ Enzyme Mix and Ion OneTouch™ 200 Ion Sphere™ Particles
from the Ton OneTouch™ 200 Template Kit v2 DL, cat. # 4480285, (Life Technologies,
Carlsbad), together with the freshly diluted sample prepared and loaded into the Ion
OneTouch DL instrument (Life Technologies, Carlsbad). Prior to loading the
amplification solution, 1500 uL of Ion OneTouch reagent oil was added. The protocol for
amplification solution prep for the lon OneTouch™ 200 Template Kit v2 DL, cat. #
4480285, revision 6 was followed. The lon Sphere Particles (ISP) ligated and amplified
fragments (ISP-Template Conjugates)were then assessed with an Ion Sphere Quality

Control Kit (Ref # 4468657) on the Qubit® 2.0 Fluorometer (Sku # Q32866) (Life
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Technologies, Carlsbad), to determine the ISP-Template Conjugates prior to enrichment
on the Ion OneTouch™ ES (Life Technologies, Carlsbad). The ISP-Template Conjugates
fragments were then enriched on the Ion OneTouch ES. This was achieved by denaturing
the ISP-Template Conjugates using a “Meltoft” solution made up of 1M NaOH, 10%
Tween and nuclease free water as specified in the lon OneTouch™ 200 Template Kit v2
DL user guide and Dynabeads MyOne Streptavidin C1 Beads, cat. # 650.01, (Life
Technologies, Carlsbad).
Sequencing

The Ion PGM™ Sequencing 200 Kit v2, cat. # 4482006, (Life Technologies,
Carlsbad) was used to sequence prepare the ISP-Template conjugates as described in the
Ion PGM™ Sequencing 200 Kit v2 User Guide, cat. # 4482006, revision 3. Sequencing
was performed on the Ion Torrent Personal Genome Machine (PGM) (Life Technologies,
Carlsbad) using a 316 chip.
Analysis

Genomic sequence data from the Ion Torrent PGM was recovered on the Ion
Torrent browser. A comparison was made between our sample data and a published
mtDNA of the same species (Lee et al., 2001) to verify the amount of mitochondria DNA
that were still present in our Genomic samples. Submission of genome sequence data to a
public database is pending. The Stacks software (Catchen et al., 2013) was used to clean
the sequence data by trimming all the sequence reads to 100 bases and by rejecting reads
of low quality since the software works optimally with sequence fragments of equal
lengths. It was also used to identify and analyze specific loci markers in the sequences

such as SNPs. Sequenced samples A, B and C were analyzed individually. Pooled
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genomic samples A, B and C were also analyzed for comparison with individual samples
to check for representative sampling of sites across the genome of all three library prep
methods. Four major pipelines in the stacks software were employed in the RADTag
genome sequence data, namely:
e Process radtags — this cleans and trims the input sequences
e Ustacks — which groups similar sequences into groups called ‘stacks’
e Cstacks — builds catalogues of the stacks by comparing one stack to
another
e Sstacks — analyses samples of interests using built catalogues as a
reference
e Populations — this command treats the samples as members of a
population while looking for similarities and differences as well as

conducting population statistic evaluations.

16



Chapter III
RESULTS
Genomic DNA Extraction
Extracted gDNA was relatively pure and free from contamination and RNA with
a 260:280 spectrometer ratio of 1.9. An average length was approximately 18 kb with a
concentration of greater than 199 ng/puL was observed for Hon 9 genomic DNA isolates
(Figure 5).
Digestion
Analysis of digested samples on the bioanalyzer demonstrated Ps¢ / did digest
samples effectively from lengths greater than 18kbp to an average of 5307 bp (Sample A)
and 1389 bp (Sample C) with a concentration of 6.22 ng/l and 9.57 ng/uL respectively
(Figure 6). Since Pst I is theoretically expected to cut just about every 4,096 base pairs
the average observed fragment size of sample A is close to the predicted. The double
digestion of Sample B produced an average fragment length of 658 base pairs (Figure 6).
Fragmentation
NEBNext dsDNA fragmentase, cat. # M0348S, (New England BioLabs, Ipswich)
is expected to yield a fragment length ranging from 200-1000 bp with a reaction time of
15-25 minutes. A fragmentation reaction time of 20 minutes resulted in a partially

fragmented sample with an average fragment length of 306 bp (Figure 7).
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Ligation

A comparison of our modified A-adaptor and Ion Express P-adaptor with the
standard adaptor mixture from ‘NEBNext Fast DNA Library Prep Set for Ion Torrent’
showed that our Adaptors were similar in fragment length and quality (Figure 8). A
difference was observed in the molar concentrations which were adjusted empirically
before using our adaptors. We adjusted our A-adaptor from 200 nM in all subsequent
reactions based on this result. The modified adaptor ligation test resulted in amplified
fragment of approximately 3000 bp in length while the expected fragment length was
4096 base pairs (Figure 9).
Amplification

Linear amplification was a success, yielding more than enough product
concentration for adequate dilutions for the next reactions. This also verified that the size
selection protocol worked (Figure 10). Samples varied in both concentrations and
fragment lengths with Samples A and B having concentrations less than 2.5 ng/uL with
an average fragment length of 281 bp. A high DNA concentration of 25.7 ng/uL was
observed for Sample C with an average fragment length of 326 bp (Table 2).
Emulsion Amplification

Emulsion amplified and ISP-Template conjugate sample, were analyzed with the
Ion Sphere Quality Control Kit, Ref # 4468657, ((Life Technologies, Waltham) on the
Qubit® 2.0 Fluorometer, Sku # Q32866 (Life Technologies, Waltham)and a reading of
24, 23.9 and 18.5% of ISP-Template conjugate were recorded for Samples A, B and C
respectively (Table 3). These results fall within the recommended optimal range (10-

30%) by Ion Torrent in order to minimize ISP-Template conjugate that may result from
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the polyclonal fragments. Enrichment of ISP-Template conjugate were observed to be
efficient given that almost a 100% of the ISP-Template conjugate loaded for sequencing
were enriched (Table 4).
Sequencing

Initial analysis of sequences on the lon Torrent browser showed high quality
sequence reads with a total of 552 M, 581 M and 738 M sequenced bases for Samples A,
B and C, respectively. There was a positive correlation between loading efficiency and
sequencing output provided template preparation was performed adequately (Figure 5).
The average sequenced genomic fragments length was 175 bp, 162 bp and 191 bp for
Samples A, B and C, respectively with most of the sequenced fragments length being
greater than 180 bp. Aligning samples sequences with a reference mitochondria sequence
showed less than 10% of the genomic DNA to be mtDNA across each of the genomic
samples (Table 5) with about 100X coverage for Samples A and B, and 245X coverage
for Sample C. All sequence fragments began with the PST I recognition site (5’-TCGA-
3”) with the exception of Sample C since Sample C is consists of both RADTag and
regular sequences.
Analysis

Analysis of the sequences from samples with the RADTag software (Stacks)
identified lots of SNP markers with the exception sample C. Individual analysis of the
samples as individual populations showed thousands of variant sites with the exception of
Sample C showing very few variant sites (Table 6). In Samples A and B, about 9000 and
7000 SNPs were identified respectively, but only 13 SNPs in Sample C. Heterozygosity

was observed to be very low (< 0.01) in all three samples with homozygosity score of
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0.999. Comparisons of pooled sequence reads with individual samples produced similar

results as observed in the individual sample analyses (Table 7).
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Chapter IV
DISCUSSION
Separation of Mitochondrial and the Nuclear Genomic DNA

Mitochondrial DNA is very easy to work with due to its stability and size.
Certain hindrances such as insertion activity of mitochondrial DNA sequences into the
nuclear DNA (Hazkani-Covo, et al., 2010) have been observed more frequently over
recent years. This phenomenon in addition to the occurrence of mutations (insertion and
deletions) make commonly used genotypic analytical methods such as AFLPs, RFLP and
microsatellites flawed since conclusions from these techniques are drawn based on
fragment length but not the actual sequences.

Furthermore, the insertion of mitochondria DNA into gDNA also influences the
output of genomic DNA sequencing. About 40% of presumed genomic sequences are
reported to actually be mitochondrial DNA in origin (Ring, personal communication).
The cause of this high mtDNA percentage input may be attributed to the high copy
number of mitochondrial DNA sequences relative to the genomic sequences along with
the mitochondrial insertions in the nuclear genomic DNA. Research has shown that the
actual amount of mitochondrial DNA insertion into gDNA is unpredictable. As high as
25% heterozygosity in Cyt b of primates (Collura & Stewart, 1995) and as low as 1%
heterozygosity in COI and COII of aphids (Sunnucks & Hales, 1996) has been reported

when mtDNA are compared with their gDNA insertions.
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These unpredictable occurrences among other factors required the development of
a method for the separation of the nuclei from mitochondria prior to DNA extraction in
order to reduce the mtDNA contamination of our final genomic sequence data. Analysis
of all three samples using the published mitochondria sequence as a reference showed
that less than 10% of our fixed sequences were mitochondrial. Also, purely RADTag
samples (Samples A and B), had as low as approximately 5% of the entire sequence as
being mitochondria DNA. This is half of what is observed in Sample C which consisted
of RADTags and regular genomic sequences. It can therefore be concluded that the
separation of mtDNA and gDNA influenced the high specificity (90%) of our genomic
sequence output a (Table 4).

Library

Cresko labs, the developers of RADTag sequencing employed the use of the
digestion enzyme Sbf I, which is an eight base cutter and cuts approximately every 65kb.
This enzyme was used because it was known to have about 30,000 recognition sites in the
typical teleost fish genome (Amores et al., 2011). It was decided to use PST [ instead of
SBFI because of its increased number of recognition sites (approximately every 4 kb)
which will provide a means to cover more of the genome under study.

The fragmentation reaction is performed to cut the gDNA fragment into the
appropriate lengths suitable for the sequencing platform. When fragmentase enzyme was
used (Sample A), it cut randomly along the genome without any regards to specific DNA
sites. In the RADTag protocol developed for Solexa (Illumina, San Diego) (Amores et
al., 2011), fragmentation was performed post ligation of the adaptor. This was modified

in our protocol in order to reduce the damage of important fragments and adaptors, by
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fragmenting prior to the ligation of the adaptors. This helped to preserve these essential
adaptors which finally greatly improved the overall output of sequencing data. The idea
of fragmentation damaging some of the required DNA brought about the initiative of
exempting it all together in Samples B and C. A double digestion was performed on
sample B with PST I as well as Hae 11, cat. # RO108S (New England BioLabs, Ipswich)
as the enzymes. Hae 111, cat. # R0O108S (New England BioLabs, Ipswich) digestion was
opted for as a means of fragmenting the digested samples into the smaller sizes for library
preparation and sequencing. Since Hae 11, cat. # RO108S (New England BioLabs,
Ipswich) is site specific, no restriction overhangs were destroyed and the Hae 111, cat. #
RO108S (New England BioLabs, Ipswich) ends can also be used for further analysis. In
view of the fact that there was no fragmentation reaction for Sample C, the incubation
period of the digestion reaction was increased to 2 hours to provide more time for the
restriction enzyme (PST I) to locate and cut more sites. This resulted in smaller size
fragments (Figure 2) when compared with fragments from Sample A (1 hour incubation
time). Therefore, Samples B and C were size selected for the required length without the
fragmentation reaction step.

End repair enzymes create blunted end DNA fragments by degrading overhangs
or by filling up the gaps. This did not have any adverse effect on Samples A and B
because the over hangs of the Pst I digests were protected by the ligation of the modified
A-adaptor. In Sample C, since there was no ligation of the A-adaptor prior to the end
repair reaction, some of the over hangs of the Pst 1 digest were degraded by the end-it
enzyme. In Sample C, the standard A & P adaptor mix from NEBNext® Fast DNA

Library Prep Set for Ion Torrent, NEB # E6270S/L, (New England BioLabs, Ipswich)
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was used in the ligation step after the end repair step. This adaptor mix ligates randomly
onto blunted end hence it ligated to all bunted fragments, i.e. fragments with the Pst /
over hang nucleotides as well as any random fragment that has been blunted. This
resulted in the final output of the library preparation for Sample C not being solely
RADTag sequences but also regular genomic sequences. In addition, size selecting for
fragment length ranging from 310-370 bases while the average Ps#/ digested fragment is
1kb for Sample C, implied that the RADTag output was further limited and much of the
genome was not be covered in this sample (Table 6).
Emulsion PCR

Emulsion PCR is the process that aids in binding the ISPs onto the prepared
library and then amplifies the fragments. Here, the concentration of the input linear
amplified gDNA library is very critical so as not to over amplify the fragments. Ideally,
each ISP should have not more than one fragment attached to it prior to amplification.
This will avoid the formation of polyclonal which affect the sequencing quality and
output. The Ion OneTouch™ 200 Template Kit v2 DL user guide demands an input DNA
of concentration 26 pmol/L in order to obtain an ISP-Template conjugate percentage of
10-30% which is the optimum range to avoid polyclonal. The research showed that
aiming for this 26 pmol/L usually produced fragment bound ISP percentage over the
optimum. This was attributed to the fact that minute pipetting errors can cause a great
difference in the final concentration of the diluted amplified genomic DNA library in
such minuscule concentrations as are needed for the emPCR. Hence a protocol was used
that aimed for lower concentrations of 15, 15 and 13pmol/uL which yielded 24%, 24%

and 18% ISP-Template conjugates for Samples A, B and C respectively (Table 3). This
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proved successful in reducing the amount of polyclonal sequences in the final data (Table
4). It was also observed that this low molar concentration coincided with concentrations
less than 3.5 pg/uL (Table 3). This implies that in certain cases, one might not have to
perform the linear amplification process provided ligation and purification were done
adequately.
Analyses of Sequences

Unlike sequencing with Solexa (Illumina, San Diego), sequenced reads from the
Ion Torrent PGM (Life Technologies, Carlsbad) are not entirely of the same length
(Table 5) hence, trimming was required to enable analysis to be done using the Stacks
software which was designed to analyze RADTag sequences by aligning specific end
sites. Samples A and B had mtDNA sequences of an average length less than 50 bases
while Sample C had approximately 150 bp (Figure 7). Since trimming the sequences not
only reduces longer fragment lengths to the arbitrarily chosen length, but also rejects all
fragments lengths less than the chosen. An average fragment length of a 100 bases was
selected for all three samples as this aided in reducing the influence of any mtDNA
sequences (average length 50 for Samples A and B) on the analysis of RADTag
sequences. Even though some mitochondria DNA may still be present in Sample C, it
was rendered insignificant in the analysis since it would not align to any other sequence
present.
Heterozygosity

Occasional out-crossing has been suggested to be the leading cause of
heterozygosity in this self-fertilizing cryptic species, K. marmoratus. By analyzing few

genetic markers through AFLP and microsatellites, conclusions on the heterozygous
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nature of these fishes were drawn (Nakamura et al., 2008; Mackiewicz et al., 2006).
Nevertheless, inbred organisms are expected to lose 50% of their genetic variation at
every generation (Tatarenkov et al., 2010), signifying that in the event of no out crossing,
this self-fertilizing species will eventually return to its original largely homozygous
nature within ten generations. However, several researchers have questioned the level of
homozygosity existing among coding loci and how a supposedly highly homozygous
organism has survived over the years. Our data depicts low levels of heterozygosity
(0.0003) in all modes of comparison, that is, individual sample sequence comparison as
well as pooled samples sequence comparison except for Sample C, which registered
lower heterozygosity value (0.00014). For the Sample C sequences, the lower
heterozygosity was recorded due to the fact that most of the sequence data were regular
partial genomic sequences with few sites (89,829) being RADtag sequences therefore
resulting in as low as 13 polymorphic sites. With respect to the unheard of low levels of
heterozygosity in all analyzed scenarios, it might be suggested that the K. marmoratus
has adapted a mechanism that reduces random mutations tremendously. This result is
feasible since the benefits of inbreeding (self-fertilization) are speculated to out-way that
of out crossing. It has been suggested that self-fertilization reduces the cost of mate
search (Tatarenkov et al., 2009) and also aids in fixing beneficial traits for survival
(Allard, 1975).

The use of RADTag sequences and Stacks analyses aided in locating thousands of
SNP markers which can be used for other in-depth analyses (Appendix C). Here we
identify 8,000 such loci. This provides the opportunity to make genomic comparisons on

a vastly broader scale. Results from the RADtag sequences confirm that K. marmoratus
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exhibited high numbers of variant sites, but these sites were still low in comparison to the
total fixed sites analyzed (Tables 6 and 7). Therefore, though heterozygosity can be
observed in K.marmoratus, analyzing a broad range of markers produces a better picture
of the species’ genotypic characteristics. Given that SNPs are very informative on
relatedness of organisms on the individual and the population level, our battery of 8,000
such markers should prove invaluable to taxonomic and population studies in the coming
future.
Conclusion

Though fragment length analysis is relatively less expensive and time conducive,
its major flaw is that it provides a very limited survey of genomic information that can
drastically limit the output and affect conclusions made from these results. Though the
identification and building of markers on the Ion Torrent PGM through RADTag
sequencing might be more expensive than common fragment based methodologies, it has
many benefits in that identified RADTag sequences can be used for many other
significant analyses. Not only is RADTag sequencing cost effective on the Ion Torrent
PGM, this system, using our methods, yields vastly more data resulting from more
efficient sequencing of more fragments of longer sequence length than existing methods
on Next Generation Sequencing systems. The Ion OneTouch System, Ion OneTouch ES
and the PGM are very user friendly while still producing high outputs with high

accuracy. Therefore, analysis is made easier while exposing thousands of variant sites.

27



BIBLIOGRAPHY

Allard, R. W. (1975). The mating system and microevolution. Genetics, 79, 115-126.

Amores, A., Catchen, J., Ferrara, A., Fontenot, Q. & Postlethwait, J. H. (2011). Genome
evolution and meiotic maps by massively parallel DNA sequencing: spotted gar,
an outgroup for the teleost genome duplication. Genetics, 188(4), 799-808.

Bickford, D., Lohman, D. J., Sodhi, N. S., Ng, P. K., Meier, R., Winker, K., Ingram, K &
Das, L. (2007). Cryptic species as a window on diversity and conservation. Trends
in Ecology & Evolution, 22(3), 148-155.

Catchen J., Hohenlohe P., Bassham S., Amores A. & Cresko, W. (2013). Stacks: An
analysis tool set for population genomics. Molecular Ecology, 22(11), 3124-3140

Chandel Lab. Mitochondria Isolation Protocol (Internet). Available
from http://www.chandellab.com/Protocols/.

Collura, R. V. & Stewart, C. B. (1995). Insertions and duplications of mtDNA in the
nuclear genomes of Old World monkeys and hominoids. Nature, 378, 485-489

Costa, W. J. E. M. (2004). Kryptolebias, a substitute name for Cryptolebias Costa, 2004
and Kryptolebiatinae, a substitute name for Cryptolebiatinae Costa, 2004
(Cyprinodontiformes: Rivulidae). Neotropical Ichthyology, 2(2), 107-108.
Retrieved June 30, 2014, from http://www.scielo.br/scielo.php?script=sci
arttext&pid=S1679-62252004000200009&Ing=en&tlng=en. 10.1590/S1679-
62252004000200009

Costa, W. J. E. M. (2004a). Relationships and redescription of Fundulus brasiliensis

(Cyprinodontiformes: Rivulidae), with description of a new genus and notes on

28



the classification of the Aplocheiloidei. Ichthyological Exploration of
Freshwaters, 15: 105-120.

de Knijff, P. (2014). How carrion and hooded crows defeat Linnaeus's curse. Science
344: 1345-1346.

Green, M. R. and Sambrok, J. (2010). Molecular Cloning; A Laboratory Manual. 4™
edition. Cold Spring Habor Laboratory Press, Cold Spring Habor, NY.

Hazkani-Covo, E., Zeller, R. M. & Martin, W. (2010). Molecular poltergeists:
mitochondrial DNA copies (numts) in sequenced nuclear genomes. PLoS
Genetics, 6(2), €1000834.

Hebert, P. D., Penton, E. H., Burns, J. M., Janzen, D. H. & Hallwachs, W. (2004). Ten
species in one: DNA barcoding reveals cryptic species in the neotropical skipper
butterfly Astraptes fulgerator. Proceedings of the National Academy of Sciences
of the United States of America, 101(41), 14812-14817.

Hensel, R. (1868). Beitrage zur Kenntnis der Wirbelthiere Sudbrasiliens. Archiv fur
Naturgeschichte Wiegman, 34, 323-375.

Hillis, D. M., Mable, B. K. & Moritz, C. (1996). Applications of molecular systematics:
The state of the field anda look to the future. In: Hillis, D.M., Moritz, C. and
Mable, B. K. Eds., Molecular Systematics, Sinauer Associates, Massachusetts,
515-543.

Mackiewicz, M., Tatarenkov, A., Taylor, D. S., Turner, B. J. & Avise, J. C. (20006).
Extensive outcrossing and androdioecy in a vertebrate species that otherwise
reproduces as a self-fertilizing hermaphrodite. Proceedings of the National

Academy of Sciences, 103(26), 9924-9928.

29



Nakamura, Y., Suga, K., Sakakura, Y., Sakamoto, T. & Hagiwara, A. (2008). Genetic
and growth differences in the outcrossings between two clonal strains of the self-
fertilizing mangrove killifish. Canadian Journal of Zoology, 86(9), 976-982.

Pfenninger, M. & Schwenk, K. (2007). Cryptic animal species are homogeneously
distributed among taxa and biogeographical regions. BMC Evolutionary
Biology, 7(1), 121.

Santos, F. P. S. (1997). The effect of body size on prey choice by Rivulus luelingi
Seegers 1984 (Aplocheiloidei: Rivulidae). Revista Brasileira de Biologia, 57(4),
551-562.

Sunnucks, P. & Hales, D. F. (1996). Numerous transposed sequences of mitochondrial
cytochrome oxidase I-II in aphids of the genus Sitobion (Hemiptera:

Aphididae). Molecular Biology and Evolution, 13(3), 510-524.

Tanya, C. & Kumar, R. (2010). Molecular markers and their applications in fisheries and
aquaculture. Advances in Bioscience and Biotechnology, Advance in Bioscience
and Biotechnology 1(4), 281-291.

Tatarenkov, A., Lima, S. M., Taylor, D. S. & Avise, J. C. (2009). Long-term retention of
self-fertilization in a fish clade. Proceedings of the National Academy of
Sciences, 106(34), 14456-14459.

Tatarenkov, A., Ring, B. C., Elder, J. F., Bechler, D. L. & Avise, J. C. (2010). Genetic
composition of laboratory stocks of the self-fertilizing fish Kryptolebias
marmoratus: a valuable resource for experimental research. PLoS One, 5(9),

e12863.

30



APPENDIX A

Figures 1 through 11
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Kryptolebias marmoratus

Male

Hermaphrodite

Kryptolebias ocellatus

Figure 1: Examples of two self-fertilizing and androdioecious vertebrates that can be regarded as cryptic species.

Image by F. Vermeulen
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Figure 2: Increased recognition of Cryptic Species. The percent of peer-reviewed
publications in Zoological Record Plus (CSA) that mention ‘cryptic species’ (circles) or
‘sibling species’(triangles) in the title, abstract, or keywords has increased dramatically
since the advent of PCR. Similar positive trends are observed in absolute number of
publications per year, and in publications cited in other searchable databases of biological
literature, including Science Citation Index (ISI) and Biosis Previews (Biological
Abstracts) (OVID) (Bickford, 2007).
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Figure 3: Mitochondrial DNA of Kryptolebias marmoratus.Complete L-strand nucleotide
sequence (GenBank accession number: AF283503) and gene organization of the
Kryptolebias marmoratus mitochondrial genome Lee et al., 2001).
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Figure 4: Genealogy of individuals based on Mitochondrial DNA. Genealogy for 136
individuals of K. marmoratus and 10 individuals of K. ocellatus based on 2,946-bp
mtDNA sequences. Each circle, triangle, or rhombus represents an individual. In the K.
marmoratus clade, triangles, open circles, and rhombi designate fish from Belize, various
locations in Florida, and the Bahamas, respectively. Bootstrap values above 80% are
shown. (Inset) Population phenogram for these species based on a cluster analysis of
Nei’s genetic distances from 31 microsatellite loci (Tatarenkov et al., 2009).
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Figure 5: Analysis of extracted Genomic DNA. An electrophoregram showing the size
distribution of extracted gDNA from Hon9 strain. The extracted genomic DNA had an
average fragment length of 18309 with a DNA concentration of 199ng/uL.
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Figure 6: Analysis of Digested Genomic DNA Samples. Sample ‘A’ (blue) had an
average of 5,307bp with a concentration of 6.22ng/uL after 1 hour of digestion with Pst¢
1. Sample ‘B’ (red), had an average fragmented length of 658bp with a concentration of
11.3ng/uL after double digesting for 2 hours. Sample ‘C’ (green) had an average
fragmented length of 1389 with a DNA concentration of 9.57ng/uL after 1 hour of
digestion with Pst .
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Figure 7: Analysis of fragmented Sample. An electrophoregram showing the size
distribution of Pst I digested - Sample A after fragmentation with NEBNext

dsFragmentase. Fragmented Sample ‘A’ had an average length of 306 with a DNA
concentration of 1.07ng/uL
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Figure 11: Analysis of Sequenced Mitochondrial DNA contamination. A graph showing the size distribution of mitochondrial DNA
sequences present in the nuclear genomic DNA sequences. All sample had mmitochondria separated from the nuclei prior to DNA
extract. Sample A and B exhibited mitochondrial DNA sequences of average length < 50bp. Sample C had mitochondria DNA
sequences as long as 150bp in its genomic DNA sequences

42



APPENDIX B

Tables 1 through 7
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Table 1: Summary of Major Steps in RADTag Library Prep

Step Sample A Sample B Sample C

Digestion Pst 1 Pst 1 & Hae lii | Pst 1

Fragmentation Yes No No

A-Adaptor Ligation Yes Yes No

End Repair Yes Yes Yes

P-Adaptor Ligation Yes Yes Ligation Of A&P

Size Selection Yes Yes Yes

Linear Amplification | Yes Yes Yes

Type Of Output RADTag RADTag RADTag/Partial
Genomic

A summary of all reactions involved in the preparation of the RADTag library for all
three techniques and the outcome of each technique.
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Table 2: Analysis of Samples after Amplification over 8 Cycles

Sample Concentration
Fragment length

Sample ID Library-product (ng/L) (nmol/L) (bp)

A RADTag 2.09 10.7 300
RADTag (double

B digest) 1.13 6.64 262
RADTag/partial

C genomic 25.7 121.9 326

Size selected samples of fragments length ~300 bp were amplified and analyzed using
the Aligent 2200 Tapestation Bioanalyzer.
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Table 3: Analysis of ISP-Template Conjugate after Emulsion PCR

Background RFU
Input Concentration Raw RFU Value Negative Control Tube
Sample Templated
: (pg/uL)
Sample Technique ID (pmol/L) AF 488 AF 647 AF 488 AF 647 CF ISPs%
Ecoli trial o 1408.5 282.6 40 7 1.5 11.63%
29
RADTag A 15 2317.7 956.8 43.1 7.5 1.5 24.11%
RADTag - Double
Digest
2.55
(Pst I- Hae III) B 15 1227 500 39.3 7.8 1.5 23.94%
Partial 57
RADTag/Genomic C 13 . 1653.3 523.4 42 8.2 1.5 18.47%

ISP-Template Conjugates were analyzed using the Qubit Fluorometer and a Conversion Factor (CF) provided by ION Torrent.
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Table 4: Analyses of Sequence Runs with Respect to the Template Prep

Samples Chip wells Loading Library Polyclonal Low Final Final number
ISP % (%) quality library of reads
(%) (%0)
6,348,213 4,936,681 99.6 26 9.8 64.1 3,141,915
B 6,348,216 5,049,137 99.2 20.2 6.7 71.5 3,518,587
C 6,348,215 5,204,402 99.6 20.8 4.8 74.4 3,849,445
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Table 5: Analyses of Genomic Sequence Fragments for All 3 Samples

Usable
Sampl | Bases Load Mean Median Mode Mitochondrial gDNA reads
e M) (%) Length length length Total reads DNA Usable reads (%)
A 552 78 175 182 193 3,141,915 160,070 2,981,845 94.9
B 581 80 162 163 184 3,581,587 176,025 3,405,562 95.1
C 738 82 191 201 213 3,849,445 381,602 3,467,843 90.1
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Table 6: Stacks Analysis of Individual Sequenced Samples

VARIANT | % VARIANT EXP OBS EXT
SITES SITES SITE OBS HET HET HOM HOM
Sample A | 30347080 8975 0.0295745 | 0.0002957 | 0.00015 | 0.9997 0.9997
Sample B | 24813497 7126 0.0287182 | 0.0002872 | 0.00014 | 0.99971 | 0.99971
7.24E-
Sample C 89829 13 0.0144719 | 0.0001447 05 0.99986 | 0.99986
Sequenced samples were analyzed for SNP using the Stacks Software. The homozygosity and heterozygosity of samples were
determined by executing the ‘Population’ command in the Stacks Software.
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Table 7:

Stacks Analysis of Combined Sequenced Samples

Variant Variant Observed Expected Observed Expected
Fixed Sites Sites Sites (%) Heterozygosity | Heterozygosity | Homozygosity | Homozygosity
Sample A & B | 45317175 14400 0.031776 0.0002644 0.00015 0.99974 0.99973
Sample A & C | 30432259 9001 0.0295772 | 0.0002952 0.00015 0.99971 0.99971
Sample B & C | 24898577 7146 0.0287004 | 0.0002865 0.00014 0.99971 0.99971
All Samples 45400755 14426 0.0317748 | 0.0002641 0.00015 0.99974 0.99973

Sequenced samples were analyzed for SNP using the Stacks Software. The homozygosity and heterozygosity of samples were
determined by executing the ‘Population’ command in the Stacks Software.
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APPENDIX C

Examples of Identified Single Nucleotide Polymorphisms (SNPs)

in Individual sample
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Identified SNPs in Sample A

800 | POP1.stacks
Pop | Al +| ( Edit Laci
ey 5,141 Population - Unspecified
Smps |1 4| —| Ll 304,118
Samm%'F' ‘—‘| R 2014 04 12 03 45 37 User Rin-5-Radtag Test
S ST Co/T
12 / 18
Locus
2 3 Parents 1 Frog 0 8nps 1 ; ; B : ;
013345678901234567890123456789012345670901234567890123456789 0023456718901 23456789012345671890123456789
TECAGACCOTCETCCETCAAMTECCAGAC TACTGOTEA COnsensus TGCAGTGAGCATTTCAGCCCCCAGACCTTTGACAGGACAGETCAGACAGTCAGGATCAGAGCTGEAGCTGTTCCTTCAGTCTTCTGTTTCCCAGCTCATC
ACTACCTCTTCCACAMAAGCTCACGCTTATTGATCTGTT model 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000E000000000000
TTCTGTTCCATCAATAAGCTAC 1 primary  125C1:01143:00933_1 | TCCAGTCAGCATTTCAGCCCCGAGACCTTTGACAGEACAGETCAGACACTCAGCATCAGACCTGEACCTCTTCCTTCAGTCTTCTGTCTCCCAGC TCATC
2 primary  128C1:01125:02551_1 |TGCAGTGAGCATTTCAGCCCCGAGACCTTTGACACEACAGETCACACAGTCAGGATCAGAGCTGEAGCTCTTCCTTCAGTCTTCTCTCTCCCAGCTCATC
Parents 1 Prog 0:Snps 1 3 primary  128C1:01204:02118_1 | TGCAGTGAGCATTTCAGCCCCGAGACCTTTGACAGGACAGETCAGACAGTCAGGATCAGAGCTGEAGCTGTTCCTTCAGTCTTCTGTCTCCCAGCTCATC
4 primary  125C1:01283:01015_1 | TCCAGTCACCATTTCACCCCCCACACCTTTCACACEACACETCACACACTCAGCATCACACCTCCAGCTCTTCCTTCAGTCTTCTCTCTCCCACCTCATC
5 primary  125C1:01369:02205_1 | TCCAGTGAGCATTTCAGCCCCGAGACCTTTGACAGEACAGETCACACAGTCAGGATCAGAGCTGCAGCTGTTCCTTCAGTCTTCTGTCTCCCAGC TCATC
6 primary  125C1:01409:00997_1 | TCCAGTCAGCATTTCAGCCCCGAGACCTTTGACAGEACAGETCAGACACTCAGCATCAGACCTGEACCTCTTCCTTCAGTCTTCTGTCTCCCAGC TCATC
7 primary  128C1:01553:01845_1 | TGCAGTGAGCATTTCAGCCCCGAGACCTTTGACAGEACAGETCAGACAGTCAGGATCAGAGCTGEAGCTGTTCCTTCAGTCTTCTCTCTCCCAGCTCATC
Parents 1 Prog 0 Snps 1 8 primary  128C1:01768:01926_1 | TGCAGTCAGCATTTCRGCCCCGAGRCCTTTCACAGGACAGGTCAGACAGTCACGATCAGACCTGEAGCTETTCCTTCAGTCTTCTGTCTCCCAGCTCATC
33 9 primary  125C1:01929:01253_1|TCCAGTCACCATTTCACCCCCGACACCTTTCACACEACACETCACACACTCAGCATCACACCTCCAGCTCTTCCTTCAGTCTTCTCTCTCCCACCTCATC
T ———— 10 primary  125C1:02085:01056_1 | TGCAGTGAGCATTTCAGCCCCGAGACCTTTGACAGEACAGETCACACAGTCAGGATCAGAGCTGCAGCTCTTCCTTCAGTCTTCTCTCTCCCAGC TCATC
GGTCAGACAGTCRGEATCAGAGCTGEAGCTGTTCCTTCA 11 primary  128C1:02206:00812_1 | TGCCAGTCAGCATTTCAGCCCCGAGACCTTTGACAGGACAGETCAGACAGTCAGGATCAGAGCTGCAGCTCTTCCTTCAGTCTTCTCTCTCCCAGCTCATC
GTCTTCTETCTCCCAGCTCATE 12 primary  125C1:00496:00984_1 | TGCAGTGAGCATTTCAACCCCGAGACCTTTGACAGEACAGETCAGACAGTCAGGATCAGAGCTGEAGCTGTTCCTTCAGTCTTCTCT TTCCCAGCTCATC
13 primary  125€1:00937:01095_1 | TCCAGTCAGCATTTCAACCCCGAGACCTTTGACACEACAGETCAGACACTCAGCATCAGAGCTGCACCTCTTCCTTCAGTCTTCTCTTTCCCAGCTCATC
60 Parents 1 Prog 0:Snps 2 14 primary  128C1:01137:00899_1 | TCCAGTGACCATTTCAACCCCGAGACCTTTGACAGEACACETCAGACACTCAGCATCACACCTGCAGCTCTTCCTTCAGTCTTCTCT TTCCCAGCTCATC
15 primary  125C1:02227:02150_1 | TGCAGTGAGCATTTCAACCCCGAGACCTTTGACAGEACAGETCAGACAGTCAGGATCAGACCTGEACCTCTTCCTTCAGTCTTCTGT TTCCCAGCTCATC
TGCAGCTGCTCTCAGCCTGTACTTACTTGARGTGCACAG 16 primary ~ 125C1:00182:00652_1 | TGCAGTGAGCATTTCAGCCCCGAGACCTTTGACAGCACAGETCAGACAGTCAGGATC AGAGCTGCAGCTGTTCCTTCAGTCTTCTET TTCCCAGCTCATC
RnenEst oot st ed o Ll 17 primary  125C1:00312:00432_1 | TGCAGTGAGCATTTCAGCCCCGAGACCTTTGACAGGACAGETCAGACAGTCAGGATCAGAGCTGEAGCTGTTCCTTCAGTCTTCTCT ITCCCAGCTCATC
M e 18 primary  125C1:00848:01252_1 | TGCAGTGAGCATTTCAGCCOCGAGACCTTTGACAGCACAGETCAGACAGTCAGGATCAGAGCTECACCTETTCCTTCAGTCTTCTCTTTCCCAGCTCATC
Parents 1 Prog 0 Snps 1 19 primary  125C1:01409:00310_1 | TCCAGTCAGCATTTCACCCCCCAGACCTTTCACAGEACACETCACACACTCAGCATCACACCTGCAGCTCTTCCTTCAGTCTTCTCTITCCCAGCTCATC
75 20 primary  125C1:01404:00503_1 | TCCAGTGAGCATTTCAGCCCCGAGACCTTTGACAGEACAGETCACACACTCAGGATCAGACCTGCAGCTCTTCCTTCAGTCTTCTGT ITCCCAGC TCATC
T — 21 primary  125C1:01422:02188_1 | TGCAGTGAGCATTTCAGCCCCGAGACCTTTGACAGGACAGGTCAGACAGTCAGGATCAGAGCTGGAGCTGTTCCTICAGTCTTCTGT FICCCAGCTCATC
ACCTEARACAGAGAACTTCOTAARGO M ICTCAC AGED 22 primary  125C1:01407:02306_1 | TGCAGTGAGCATTTCAGCCCCGAGACCTTTGACAGGACAGETCAGACAGTCAGGATCAGAGCTGEAGCTGTTCCTTCAGTCTTCTGT ITCCCAGCTCATC
ACAGGTCTTTCTCCARAGAATC 23 primary  125C1:01740:00660_1 | TCCAGTCAGCATTTCACCCCCCACACCTTTCACACEACACETCAGACACTCAGCATCAGAGCTGEACCTGTTCCTTCAGTCTTCTCTITCCCACCTCATC
24 primary  125C1:01700:01307_1 | TCCAGTCAGCATTTCACCCCCCAGACCTTTCACAGEACACETCACACACTCAGCATCACACCTGCAGCTCTTCCTTCAGTCTTCTCTTTCCCAGCTCATC
96 Parents 1 Prog 0.8nps 1 25 primary  125C1:02043:01573_1 | TCCAGTCAGCATTTCAGCCCCGAGACCTTTGACAGEACAGETCAGACACTCAGCATCAGACCTGEACCTCTTCCTTCAGTCTTCTGT TTCCCAGC TCATC
2 primary  128C1:02514:00905_1 | TGCAGTCAGCATTTCAGCCCCGAGACCTTTGACACEACAGETCACACAGTCAGGATCAGAGCTGEAGCTCTTCCTTCAGTCTTCTCT ITCCCAGCTCATC
TGCAGTTTATCCTGGAAGTAGACGCTTCCGATTCAGEGE 27 secondary 125C1:00216:00685_1 | TGCAGTGAGCATTTCAGCCCAGAGACCTTTGACAGGACAGGTCAGACAGTCAGGATCAGAGCTGGAGCTGTTCCTICAGTCTTCTGT TTCCCAGCTCATC
TAGGGGCCATCCTGTCCCAARGGTCCTCCGAGGACAACA 28 secondary 128C1:00883:02076_1 | TGCACTGAGCATTTCAGCCCAGAGACCTTTCACAGCACACETCACACACTCACCATCAGACCTCCAGCTETTCCTTICAGTCTTCTCT TTCCCAGCTCATC
Rl R T 29 secondary 12801:01917:01099 1| TGCAGTEAGCATTTCACCCCCCACACCTTTCACAGCACACETCACACACTCACGATCAGAGCTGCAGCTETTCCTTCAGTCTTCTCTCTCCCAGCTCCAT
30 secondary 125C1:00979: 02588_1 | TCCAGTGAGCATTTCAGCCCCGAGACCTTTGACAGEACAGETCAGACACTCAGGATCAGACCTGEACCTCTTCCTTCAGTCTTCTGT TTCCCAGC TCATT

Parents 1 Prog 0 Snps 1

143
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Identified SNPs in Sample B

800 | ] POP2.stacks
Pop | AN 3| Edit Laci .
e 4,115 Population - Unspecified
Snps | $|— |12 il 248,482
S |—¢| - ‘—¢| R 201406803 130329 Us;r I?’inéi—Radtag Double Digestion
36 [/ 24
Locus
9 Parents 1 Prog 0 Snps 1
EESESETES01234567 8o fHPEESEHES 0123456780 fIENISETAS01 23456 709 (IEEEEENES01 23456 709 HIBEEEEHEG01 23456789
TGCAGCARRCCCCGAAGGAACCCCAGCOTCTCTOTCOTG consensus TGCAGTTCACTGAGGGGACARRAAGACAAC TAATGCTCTGEAATGATCCAGECTTTCAAGANCCARCATC TCAGGATGCAGT TTCACTGAACTGGARGCA
GATTGTGAAGATCGGGECETEGTATCCARARACTGTGTA model 0000000000000000000000000000C000CC0000000000000000000C00000000000000000000000000000C000000ECOCO00000
GARTGGGGAGAGACCTETAGCA 1 primary 2WVU4:00068:01411_1 | TGCAGTTCACTGAGGGGACAAAARGACAACTAATGCTC TGGAATGATGGAGECTTTCARGARCCARCATC TCAGGATGCAGT TTCACTGARCTGGARGGA
2 primary 2WVU4:00168:01401_1 | TGCAGTTCACTGAGGGGACARAARGACAACTAATGCTC TGGAATGATGGAGECTTTCAAGARCCARCATC TCAGGATGCAGT TTCACTGARCTGGARGGA
Farents. 1 Prog 0 Snpa 1 3 primary 2WVU4:00314:01977_1 | TGCAGTTCACTGAGGGGACARAAAGACAACTAATGCTC TGEAATCATCGAGECTTTCARGAACCARCATC TCAGGATGCAGTTTCACTGAACTGGAAGGA
4 primary 2WVU4:00355:01958_1 | TGCAGTTCACTGAGGGGACARAARGACAACTAATGCTC TGGAATGATGGAGECTTTCARGARCCARCATC TCAGGATGCAGT TTCACTGARCTGGARGGA
5 primary 2WVU4:00384:02053_1 | TGCAGTTCACTGAGGGGACARAARGACAACTAATGCTC TGGAATGATGGAGECTTTCAAGARCCARCATC TCAGGATGCAGT TTCACTGARCTGGARGGA
6 primary 2WVU4:00513:00990_1 | TGCAGTTCACTGAGGGGACARAARGACAACTAATGCTC TGGAATGATGGAGECTTTCAAGARCCARCATC TCAGGATGCAGT TTCACTGARCTGGARGGA
7 primary 2WVU4:00820:00576_1 | TGCAGTTCACTGAGGGGACARAARGACAACTAATGCTC TGGAATGATGGAGECTTTCAAGARCCARCATC TCAGGATGCAGT TTCACTGARCTGGARGGA
Parents 1 Prog 0 Snps 2 8 primary 2WVU4:00902:00243_1 | TGCAGTTCACTGAGGGGACAAAARGACAACTAATGCTC TGGAATGATGGAGECTTTCARGARCCARCATC TCAGGATGCAGT TTCACTGARCTGGARGGA
155 9 primary 2WVU4:00994:02270_1 | TGCAGTTCACTGAGGGGACARAARGACAACTAATGCTC TGGAATGATGGAGECTTTCARGARCCARCATC TCAGGATGCAGT TTCACTGARCTGGARGGA
TGCAGEGATTTETAGATGAGCTCAGGECAACAGAGTGCA 10 primary 2WVU4:01012:00213_1 | TGCAGTTCACTGAGGGGACAAAARGACAACTAATGCTC TGGAATGATGGAGECTTTCAAGARCCARCATC TCAGGATGCAGT TTCACTGARCTGGARGGA
AACGTCTGCACAGGTATGCCGETETETGTGTGTGTGTGT 1 primary 2WVU4:01123:01723_1 | TGCAGTTCACTGAGGGGACAAAARGACAACTAATGCTC TGGAATGATGGAGECTTTCAAGARCCARCATC TCAGGATGCAGT TTCACTGARCTGGARGGA
GTGTETTTGCATGGCTTARGAC 12 primary 2WVU4:01186:01036_1 | TGCAGTTCACTGAGGGGACAAAARGACAACTAATGCTC TGGAATGATGGAGECTTTCARGARCCARCATC TCAGGATGCAGT TTCACTGARCTGGARGGA
13 primary 2WVU4:01177:01396_1 | TGCAGTTCACTGAGGGGACARAARGACAACTAATGCTC TGGAATGATGGAGECTTTCAAGARCCARCATC TCAGGATGCAGT TTCACTGARCTGGARGGA
173 Eaacls D oot 14 primary 2WVU4:01199:01472_1 | TGCAGTTCACTGAGGGGACAAAARGACAACTAATGCTC TGGAATGATGGAGECTTTCARGARCCARCATC TCAGGATGCAGT TTCACTGARCTGGARGGA
15 primary 2WVU4:01199:02049_1 | TGCAGTTCACTGAGGGGACARAARGACAACTAATGCTC TGGAATGATGGAGECTTTCAAGARCCARCATC TCAGGATGCAGT TTCACTGARCTGGARGGA
TGCAGTAAARAGAAGATTGCACACCAACAACACAGTAGG 16 primary 2WVU4:01292:00110_1 | TGCAGTTCACTGAGCCGACARAAAGACAACTAATCCTC TECAATCATCEACECTTTCAAGAACCARCATC TCAGCATCCAGT TTCACTCARC TCGAAGGA
B R L LT ol TR FIUCCR TeT 17 primary WVU4:01261:00581_1 | TGCAGTTCACTCAGGGGACARAAAGACAACTAATGCTCTGGAATCATGGACGCTTTCAAGAACCARCATC TCAGGATGCAGTTTCACTGAACTGGAAGGA
L b 18 primary 2WVU4:01397:01404_1 | TGCAGTTCACTGAGGGGACARAAAGACAACTAATGCTCTGGAATGATGGAGGCTTTC AAGAACCARCATC TCAGGATGCACTTTCACTGARCTGCAAGGA
Parents 1 Prog 0 Snps 2 19 primary 2WVU4:01487:02229_1 | TGCAGTTCACTGAGGGGACARAARGACAACTAATGCTC TCGAATCATGCACECTTTCARGAACCARCATC TCAGGATGCACTTTCACTCARCTCCAAGGA
176 20 primary 2WVU4:01604:00305_1 | TGCAGTTCACTGAGGGGACARAARGACAACTAATGCTC TGGAATCATGCACGCTTTCAAGAACCARCATC TCAGGATGCACTTTCACTCARACTCCAAGGA
PECAGGETATCEGATTACTGGTAAGGCATAGCTGTETAT 21 primary 2WVU4:01602:01418_1 | TGCAGTTCACTGAGGGGACARAARGACAACTAATGCTC TGGAATCATGCACECTTTCAAGAACCARCATC TCAGGATGCACTTTCACTCARCTGEAAGGA
CGCACGAATCTTGTTCTTGCCATTGAGCTGGCTTCTCAG 22 primary 2WVU4:01611:01596_1 | TGCAGTTCACTGAGGGGACARAARGACAACTAATGCTC TGGAATCATGCACECTTTCAAGAACCARCATC TCAGGATGCACTTTCACTCARCTGCAAGGA
GATTTGCCTTATTCGTTGEAGE 23 primary 2WVU4:01703:00492_1 | TGCAGTTCACTGAGGGGACARAARGACAACTAATGCTC TCGAATCATGCACECTTTCARGAACCARCATC TCAGGATGCACTTTCACTCARCTGEAAGGA
24 primary 2WVU4:01713:01093_1 | TGCAGTTCACTGAGGGGACARAARGACAACTAATGCTC TGGAATCATGCACECTTTCARGAACCARCATC TCAGGATGCACTTTCACTCARCTGEAAGGA
213 Parents 1 Prog 0 Snps 2 25 primary 2WVU4:01820:02463_1 | TGCAGTTCACTGAGGGGACARAARGACAACTAATGCTC TGGAATCATGCACECTTTCARGAACCARCATC TCAGGATGCACTTTCACTCARCTGCAAGGA
26 primary 2WVU4:01862:02369_1 | TGCAGTTCACTGAGGGGACARAARGACAACTAATGCTC TGGAATCATGCACECTTTCARGAACCARCATC TCAGCGATGCACTTTCACTCARCTCCAAGGA
TGCAGGGTATCTGATTACTGGTARGECATAGCTGTTTAT 27 primary 2WVU4:01918:02537_1 | TGCAGTTCACTCAGEGGACARAARGACAACTAATGCTC TCGAATCATGCACECTTTCARGAACCARCATC TCAGCGATGCACTTTCACTCARCTCCAAGGA
CGCACGGATCTTETTCTTGCCATTGAGCTGTCTTCTCAG 28 primary 2WVU4:02078:02054_1 | TGCAGTTCACTGAGGCGACARAAAGACAACTANTCCTC TGCAATGATCCGACCGCTTTCAAGAACCARCATC TCAGCATGCAGT TTCACTGAACTCGARGGA
(CRISTTOCE TEAT (EGT TaAGH] 29 primary IWVU4:02126:01142_1 | TGCAGTTCACTCAGGGGACARAAAGACAACTAATGCTCTGGAATGATGGAGGCTTTCAAGAACCARCATC TCAGGATGCAGTTTCACTGARCTGGAMGGA
Parents 1 Prog 0 Snps 4 30 primary 2WVU4:02102:02696_1 | TGCAGTTCACTGAGGGGACARAARGACAACTAATGCTC TGGAATCATGCACECTTTCARGAACCARCATC TCAGCGATGCACTTTCACTCARCTGCAAGGA
215 31 primary 2WVU4:02207:01699_1 | TGCAGTTCACTGAGGGGACARAARGACAACTAATGCTC TGGAATCATGCACECTTTCARGAACCARCATC TCAGGATGCACTTTCACTCARCTGEAAGGA
Ty v—— 32 primary 2WVU4:02374:02622_1 | TGCAGTTCACTGAGEGGACAAARAGACAACTAATGCTC TGGAATCGATGEAGECTTTCARGARCCARCATC TCAGGATGCAGT TTCACTGAACTGEARGEA
B CACGaATC T T IO T TGCCATT CACCTGECTTOTCAG 33 primary 2WVU4:02417:01764_1 | TECAGTTCACTGAGEGGACAAAAMGACAACTAATGCTC TGGAATCATGEAGECTTTCARGARCCARCATC TCAGGATGCAGT TTCACTGARACTGGARGEA
GACTTGCCTTATTCGTTGGAGE 34 primary 2WVU4:02428:02213_1 | TECAGTTCACTGAGEGGACAAAAAGACAACTAATGCTC TGGAATGATGEAGECTTTCAAGARCCARCATC TCAGGATGCAGT TTCACTGAACTGGARGEA
35 primary 2WVU4:02469:01207_1 | TECAGTTCACTGAGEGGACAAAAAGACAACTAATGCTC TGGAATGATGEAGECTTTCARGARCCARCATC TCAGGATGCAGT TTCACTGARCTGGARGEA
224 Parents 1 Prog 0 Snps 4 36 primary 2WVU4:02502:02423_1 | TECAGTTCACTGAGEGGACAAAAAGACAACTAATGCTC TGGAATGATGEAGECTTTCARGARCCARCATC TCAGGATGCAGT TTCACTGAACTGGARGEA
37 primary 2WVU4:00052:01114_1 | TGCAGTTCACTGAGGGGACAAAAAGACAACTAATGCTC TGGAATGATGEAGECTTTCARGAACCARCATC TCAGGATGCAGT TTCACTGAGCTGGARGGA
TGCAGGGTATCTGATTACTGGTAAGECATAGCTGTTTAT 38 primary 2WVU4:00527:00072_1 | TGCAGTTCACTGAGGGGACAAAAAGACAACTAATGCTC TGGAATGATGEAGECTTTCAAGAACCARCATC TCAGGATGCAGT TTCACTGAGCTGGARGEA
COCACGOATCTTGTTCTTGCCATTGAGCTGGCTTCTAAG 39 primary 2WVU4:00604:00033_1 | TGCAGTTCACTGAGGGGACAARAAGACAACTAATGCTC TGGAATCATEGGAGECTTTCAAGAACCARCATC TCAGGATGCAGT TTCACTGAGCTGGAAGGA
(20 ghtnblh i ARHEI SN 40 primary 2WVU4:00664:01374_1 | TGCAGTTCACTGAGGGGACAARAAGACAACTAATGCTC TGGAATGATGEAGGCTTTC AAGAACCARCATC TCAGGATGCAGT TTCACTGAGC TGGARGGA
Parants 1/Prog 0 Snps 41 primary 2WVU4:00742:00241_1 | TGCAGTTCACTGAGGGGACAAAAAGACAACTAATGCTC TGGAATGATGEAGECTTTCAAGAACCARCATC TCAGGATGCAGT TTCACTGAGCTGGARGEA
263 42 primary 2WVU4:008682:01749_1 | TGCAGTTCACTGAGGGGACAAAAAGACAACTAATGCTC TGGAATGATGEAGECTTTCAAGARCCARCATC TCAGGATGCAGT TTCACTGAGCTGGARGEA
N B 43 primary 2WVU4:00919:00681_1 | TGCAGTTCACTGAGGGGACAAARAGACAACTAATGCTC TGGAATGATGEAGECTTTCAAGARCCARCATC TCAGGATGCAGT TTCACTGAGCTGGARGEA
TGO EPOT OGOTC AN TOA MO AOCAGTAAGT 44 primary 2WVU4:00959:01812_1 | TGCAGTTCACTGAGGGGACAAAAAGACAACTAATGCTC TGGAATGATGEAGECTTTCARGAACCARCATC TCAGGATGCAGT TTCACTGAGCTGGARGEA
TR TERTTCALSATIN 45 primary 2WVU4:01016:01388_1 | TGCAGTTCACTGAGGGGACAAAAAGACAACTAATGCTC TGGAATGATGEAGECTTTCAAGAACCARCATC TCAGGATGCAGT TTCACTGAGCTGGARGEA
46 primary 2WVU4:01055:00254_1 | TGCAGTTCACTGAGGGGACAAAAAGACAACTAATGCTC TGGAATGATGEAGECTTTCARGAACCARCATC TCAGGATGCAGT TTCACTGAGCTGGARGEA
282 Parents 1 Prog 0 Snps 1 47 primary 2WVU4:01148:01762_1 | TGCAGTTCACTGAGGGGACAAAARGACAACTAATGCTC TGGAATGATGGAGGCTTTCAAGARCCARCATC TCAGGATGCAGT TTCACTGAGCTGGARGGA
48 primary 2WVU4:01161:01527_1 | TGCAGTTCACTGAGGGGACAAAARGACAACTAATGCTC TGGAATGATGGAGGCTTTCAAGARCCARCATC TCAGGATGCAGT TTCACTGAGCTGGARGGA
TGCAGAGTTTTEGGGTCCACAGAAARARTANAAATCAAR 49 primary 2WVU4:01176:01922_1 | TGCAGTTCACTGAGGGGACAAAARGACAACTAATGCTC TGGAATGATGGAGGCTTTCARGARCCARCATC TCAGGATGCAGT TTCACTGAGCTGGARGGA
ARTCATCTTTTCTGAATCGCTCCTGCCTCCGETAGCTCC 50 primary 2WVU4:01333:01232_1 | TGCAGTTCACTGAGGGGACAAAAAGACAACTAATGCTC TGGAATGATGGAGGCTTTCARGARCCARCATC TCAGGATGCAGT TTCACTGAGCTGGARGGA
TCCATCATCTCTGGGCTGCACT 51 primary 2WVU4:01326:02526_1 | TGCAGTTCACTGAGGGGACAAAARGACAACTAATGCTC TGGAATGATGGAGGCTTTCAAGARCCARCATC TCAGGATGCAGT TTCACTGAGCTGGARGGA
e T e St 52 primary 2WVU4:01371:02270_1 | TGCAGTTCACTGAGGGGACAAAAAGACAACTAATGCTC TGGAATGATGGAGGCTTTCARGARCCARCATC TCAGGATGCAGT TTCACTGAGCTGGARGGA
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Identified SNPs in Sample C

800 || POP3.stacks
Pop | Al +| [ Edit Lo . ;
e : Population - Unspecified
Sps |1 i|—=| = 900
e AE— R 2014 06 03 23 57 08 User Rin-7-Radtag N Partial Genomic
Samples| 0 §|—|1 %]
S S e S— el i,
6/ 14

Locus

TGEETTTTETTTCACAARTCCTCTCCAGGETCCGETTATC
TCTCTTGCTTGTACACTTTITT

117

TGCAGTCGATATCCATCTTCCCAGCGAGCGATGGGTGTT
GGAGARAAGTTCCTCCCGCAGATCAAATGGTCGGARATC
AAGATGCTTCCTCAGCATGTTC

342

TGCAGGACCGTAGCTCCCACTGAGGACCCCGAGGTCCGE
ACCTCAGTGTTTTATAAAARCATGAATCCAARCAAGGCT
TTTGARCGGCGTGGTTCTCTGE

353

TGCAGGCCAGTCTAGTACCTGCACTCTTTTACTACGAAG
CCACTCTGTTGCAACACGGGCAGAATGTGGCCTEECATT
CTCTTGCTGARCTGAGCAGGAR

366

TGCAGCTGCATTTCTCATCACTTACGCAGATTCCACGTCR
CACAGGGAATCGTCGTCGTCATCCTAGTCCCCGTCTTCC
CCCTCCCCTCCTCCGTECTCEE

386

TGCAGATTTTCTGCACATTTTGTTCACCATCAGTCTGAT
TTTACAGGTGATTCGGCTGATTGTGGTGGTCTCAAGATA
GCCCTTCGTATTACAGCTCCAG

Parents 1 Prog 0 Snps 1

Parents 1 Prog 0 Snps 2

Parents 1 Prog 0 Snps 2

Parents 1 Prog 0 Snps 2

Parents 1 Prog 0 Snps 2

W O~ O N B G R —

CONSENSUS
model
primary
primary
primary
primary
primary
primary
primary
primary
primary
primary
primary
primary
primary
primary
primary

DLVSE:00046:00559 1
DLVSE:00301:00637_1
DLVSE:00332:00602_1
DLV5E:00400:00045_1
DLV5SE:00593:01442 1
DLV5E:00917:01595_1
DLV5E:00902:02547_1
DLVSE:01439:01950 1
DLV5E:01416:02388 1
DLV5E:01859:01030_1
DLVSE:01964:02342 1
DLV5SE:02033:01965_1
DLV5E:02099:01214 1
DLVSE:02263:02468_1
DLVSE:00363:00565 1
primary  DLVSE:01173:00358_1
primary  DLVSE:01980:02021_1
secondary DLVSE:01108: 00067 1
secondary DLVSE:00673:02413_1
secondary DLVSE:00517:02102_1

0123456789012345676901234567880123456789012345678901234567890123456788012345678901234567890123456789
TGCAGTCGATATCCATCTTCCCAGCGAGCGATGEETGT TGGAGARRAGTTCCTCCCGCAGAT CARATGETCGGARAT CARGATGCTTCCTCAGCATGTTC
00000000000000000000000000000000000000000000000000000000000000000000000000006000000000000000000E0000
TGCAGTCGATATCCATCTTCCCAGCGAGCGATGEETGTTRCAGARRAGTTCCTCCCGCAGATCARATGETCGGARATCARGATGCTTCCTCAGCATGTTC
TGCAGTCGATATCCATCTTCCCAGCGAGCGATGGETGT TGGAGARRAGTTCCTCCCGCAGAT CARATGETCGGARAT CARGATGCTTCCTCAGCATGTTC
TGCAGTCGATATCCATCTTCCCAGCGAGCGATGEETGT TGGAGARRAGTTCCTCCCGCAGAT CARATGETCGGARAT CARGATGCTTCCTCAGCATGTTC
TGCAGTCGATATCCATCTTCCCAGCGAGCGATGEETGT TEEAGARAAGTTCCTCCCGCAGAT CARATGETCGGARAT CARGATGCTTCCTCAGCATGTTC
TGCAGTCGATATCCATCTTCCCAGCGAGCGATGEETGTTRCAGARRAGTTCCTCCCGCAGATCARATGETCGGARATCARGATGCTTCCTCAGCATGTTC
TGCAGTCGATATCCATCTTCCCAGCGAGCGATGEETGT TGGAGARRAGTTCCTCCCGCAGAT CARATGETCGGARAT CARGATGCTTCCTCAGCATGTTC
TGCAGTCGATATCCATCTTCCCAGCGAGCGATGEETGT TEEAGARRAGTTCCTCCCGCAGAT CARATGETCGGARAT CARGATGCTTCCTCAGCATGTTC
TGCAGTCGATATCCATCTTCCCAGCGAGCGATGEETGTTREAGARRAGTTCCTCCCGCAGATCARATGETCGGARATCARGATGCTTCCTCAGCATGTTC
TGCAGTCGATATCCATCTTCCCAGCGAGCGATGGCTCT TGGAGAARAGTTCCTCCCGCAGAT CARATGGTCGCARAT CARGATGCTTCCTCAGCATGTTC
TGCAGTCGATATCCATCTTCCCAGCGAGCGATGEETGT TEEAGARRAGTTCCTCCCGCAGAT CARATGETCGGARAT CARGATGCTTCCTCAGCATGTTC
TGCAGTCGATATCCATCTTCCCAGCGAGCCATGEETGTTEEAGARRAGTTCCTCCCGCAGATCARATGETCGGARATCARGATGCTTCCTCAGCATGTTC
TGCAGTCGATATCCATCTTCCCAGCGAGCGATGEETGTTRCAGARRAGTTCCTCCCGCAGATCARATGETCGGARATCARGATGCTTCCTCAGCATGTTC
TGCAGTCGATATCCATCTTCCCAGCGAGCGATGEETGT TGGAGARRAGTTCCTCCCGCAGAT CARATGETCGGARAT CARGATGCTTCCTCAGCATGTTC
TGCAGTCGATATCCATCTTCCCAGCCAGCGATGEETGT TEEAGARRAGTTCCTCCCGCAGAT CARATGETCGGARAT CARGATGCTTCCTCAGCATGTTC
TGCAGTCGATATCCATCTTCCCAGCGAGCGATGEETGTTRCAGARRAGTTCCTCCCGCAGATCARATGETCGGARATCARGATGCTTCCTCAGCACGTTC
TGCAGTCGATATCCATCTTCCCAGCGAGCGATGGCTGT TGGAGAARAGTTCCTCCCGCAGATCARATGGTCGGARAT CARGATGCTTCCTCAGCACGTTC
TGCAGTCGATATCCATCTTCCCAGCGAGCGATGEETGT TREAGARRAGTTCCTCCCGCAGAT CARATGETCGGARAT CARGATGCTTCCTCAGCACGTTC
TGCAGTCGATATCCATCTTCCCAGCGAGCCATGEETGTTECAGARRAGTTCCTCCCGCAGATCARATGETCGGARATCARGATGCTTCCTCAGCACTCTT
TGCAGTCGATATCCATCTTCCCAGCGAGCGATGEETGTTRCAGARRAGCTCCTCCCGCAGATCARATGETCGGARATCARGATGCTTCCTCAGCREGTTC
TGCAGTCGATATCCATCTTCCCAGCGAGCGATGEETGT TGEAGARRAGTTTCTCCCGCAGAT CARATGETCGGARAT CARGATGCTTCCTCAGCACGTTC
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APPENDIX D

Valdosta State University Institutional Animal Care

and Use Committee Approval Form
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AT

VALDOSTA

STATE
[UNTVERS TV

Building for Our Next Century
October 11, 2012

Dr. John Elder
Department of Biology
Valdosta State University

Dear Dr. Elder:

Your Animal Use Protocol, “Comparison and Identification of Kreptolebias marmoratus, Kryptolebias
acelatus and Their Hybrid, Gitmo, Using Gene Study” (AUP-00046-2012) has been approved by the
Institutional Animal Care and Use Committee (IACUC}. This approval is for the period of October 11,
2012, through October 10, 2015. Each year, an annual review and report must be submitted to the
IACUC to keep your protocol active. You will be contacted by the Office of Sponsored Programs and
Research Administration approximately one month before the annual review and report is due.

Please remember that you must abtain IACUC approval before amending or altering the scope or
procedures of the protocol. You are also required to report to the Attending Veterinarian, the IACUC
Chair, and the IACUC Administrator any unanticipated problems with the animals which become
apparent during the course, or as a result, of the research or teaching activity.

If you have any questions, please contact the IACUC at jacuc@valdosta.edu.
Sincerely,

Busbous ooy~

Barbara Gray
IACUC Administrator

cc: Dr. Karla Hull, Institutional Official
Dr. Theresa Grove, IACUC Chair
Dr. Teresa Doscher, Attending Veterinarian
Dr. Robert Gannon, Biology Department Head
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