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DNA barcoding of freshwater fishes in Matang, Malaysia

Anna Fogelstrom
Popularvetenskaplig sammanfattning

DNA streckkodning (DNA barcoding) har under det senaste decenniet skérdat framgang som en
effektiv metod for att snabbt artbestdmma biologiskt material med hjalp av DNA. Man har sedan
ldnge vetat att varje organism bdar sin unika uppséttning av DNA-sekvenser och att DNA-
sekvenser darfor borde vara lampliga verktyg for artbestamning. Istéllet for att forlita sig pa
taxonomiska metoder eller komplexa analyser av hela genom kan man idag anvénda sig av en
ungefar 650 baspar lang region av den mitokondriella genen cytokrom c¢ oxidas I (coxl). CoxI har
visat sig extra lamplig for evolutiondra analyser eftersom mtDNA har hdg substitutionstakt,
sekvensen forandras alltsa snabb fran generation till generation, vilket leder till att variationen i
basuppséttning inom coxl mellan narbesléktade arter generellt &r hogre jamfort med variationen
mellan individer inom samma art. FOr att DNA streckkodning ska fungera som metod for
artbestamning maste alltsa sekvensvariationen vara lag mellan individer inom samma art men
hog nog mellan arter for att pa sa satt kunna sarskilja arter fran varandra.

P& University of Malaya i Kuala Lumpur, Malaysia, har man lange forlitat sig pa taxonomiska
metoder for artbestamning av sotvattenfiskar. 2009 beslutade man att paborja arbetet med att
faststélla processer och verktyg for att istéllet kunna anvanda sig av DNA streckkodning for
artbestamning. Arbetet under detta examensarbete har darfor gatt ut pa att studera och testa
etablerade metoder for DNA streckkodning och darmed bidra till deras arbete att mer effektivt
artbestdmma bland annat sotvattenfiskar.

Resultaten av detta arbete kan sammanfattas i att DNA streckkodning baserat pa genen coxl
formodligen kan vara en effektiv metod for artbestimning av sotvattenfiskar. Detta da ett sa
kallat "barcode gap” kunnat pavisas mellan de sekvenser som analyserats, dvs. signifikant hogre
sekvensvariation mellan sekvenser fran olika arter an mellan individuella sekvenser inom en art.
Vidare sa har ett arbetsflode for artbestamning baserat pa DNA streckodning etablerats at
University of Malaya. Brister i antalet sekvenser som analyserats leder dock till att resultaten inte
ar statistiskt sakerstallda. Resultaten kan darfor endast ses som en positiv indikation pa att det
etablerade arbetsflodet formodligen kan ge framgangrika resultat om det appliceras pa storre
datamangder.

Examensarbete 30 hp
Civilingenjorsprogrammet Bioinformatik

Uppsala universitet, juni 2015
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1 Introduction

1.1 Species identification

Accurate species identification has long been dependent on morphological analyses
performed by taxonomists. It is however known that morphological approaches to
species identification have limitations, mainly since morphological similarities between
closely related organisms create challenges to discriminate them from each other. In
addition to this, taxonomists believe that only about 1.7 million species of the estimated
4-11 million that live on this planet have been morphologically identified and
catalogued [1]. Other challenges relates to determination if similar specimens from
different habitats are different species or simply look different due the adaptability of an
organism to changes in its environment [2]. Morphological identification methods are
also often dependent of gender and life stages of the species [2], this may lead to
difficulties in recognition of for example juvenile specimens. Other studies show
problems of regulatory matter. Rasmussen et al. [3] highlights the problem with
identifying commercially important salmons at fish markets in North America due to
the similar appearance of fillets from different salmon species. How can it be proved
that a salmon fillet is sold to the right price when it is hard to perform a correct
identification of the fish? Tools and processes for speeding up and improving methods
for species identification are hence needed.

Opportunities to use DNA sequence data and refine molecular methods to support
species identification have been investigated for long since it is known that each
organism carries its own unique genetic setup of DNA. Already 30 years ago ribosomal
DNA was used to establish relationships among species [4] and today there are well-
established methods for aligning, comparing and establishing relationships among
species using DNA sequences. Databases containing millions of DNA sequences from
species all over the world are common and provide valuable tools for comparing and
analysing relationships between DNA sequences.

Sequencing the whole genome of an organism is however still both time consuming and
expensive and not one standardised way of identifying animals based on shorter regions
in the genome exists. Researchers such as Herbert and others [2] are aiming to find new
shortcuts to species identification and suggest that DNA barcoding could be one
approach to address these concerns.

1.2 DNA barcoding

In 2003 Paul Hebert and his group presented DNA barcoding as a ground-breaking and
rapid tool for identifying species in the article “Biological identifications through DNA
barcodes” where DNA barcoding is described as method using a short DNA sequences
from the mitochondrial genome for species identification at molecular level [2]. Their
theory is easy to understand. First, find a DNA region that is short and suitable for rapid
species identification, to serve as a species “barcode”. Then create a standardised



framework for capturing these short sequences from DNA samples and create a library
containing such barcodes for every species in the world. Unknown DNA sequences can
then be compared to already known barcodes with the help of this library [5].

Herbert and others hope that DNA barcoding can provide a new tool for species
identification supplementing existing knowledge and also help non-experts to make a
quick identification of a sample instead of always having to rely on morphological
techniques that require high level of knowledge and field experience [6].

Today there are barcoding initiatives ongoing all over the world and most of them are in
contact with The Consortium for the Barcode of Life (CBOL). CBOL is devoted to
developing DNA barcoding as a standard process for species identification [7]. Their
main tool in this process is the work with The International Barcode of Life project
(IBOL). The major goal of iBOL is to create a DNA barcode reference library for all
species; this implies it being the largest biodiversity genomics initiative in the world,
collaborators in 25 different countries are currently involved in reaching the goal to
have barcodes 500,000 different species in 2015 [8].

There are also many subgroups emerged from CBOL. The Fish Barcode of Life
campaign (FISH-BOL) is one such group with the goal to gather fish barcodes in world
in one huge database that will serve as a standardised reference library for fish species
[9]. Bee-Bol, i.e. barcoding of bees, is another [10] example and the Sponge Barcoding
Project a third example [11].

1.2.1 Required characteristics

DNA barcoding is based on using a short DNA sequence consisting of a mix of the four
different nucleotides for comparison between species. Nucleotides within the sequence
can be combined in a huge amount of ways, for example just a 15 bp long sequence
allows for over a 1 billion different possible combinations of the nucleotides that can be
used as distinct barcodes [2] to distinguish one species from others. In animals, it is
suggested that a suitable barcode consists of approximately 600-800bp [12]. A shorter
sequence might not provide enough data to allow for sufficient variation among
nucleotides.

Establishing suitable barcodes is however more complicated than just finding a region
in the genome having sufficient length to allow for enough variation among the
nucleotides. As mentioned above, the short DNA sequence suggested by Herbet et al.
[2] is part of mitochondrial DNA (mtDNA) and not nuclear DNA, the reasons are:

e Sequence evolution is fast in mtDNA (high substitution rate) [13].
This results in an increase of differences between closely related species and less
sequence variation within species [14]. Compared with nuclear DNA, mtDNA
will require a much shorter nucleotide sequence in order to differentiate species
due to this. In order for DNA barcoding to work sequence variation must be high
enough between species so that they can be distinguished from each other but
low within the species [15].



e There are a large number of mitochondrial gene copies in every cell [16].
Amplification of the genes will generate a greater deal of DNA compared to
using nuclear genes that only exists in one copy [17]. This is especially helpful
when dealing with small or damaged samples.

e The genes are strongly conserved among animals [18].

This makes it possible to find a barcode gene that is universal in all animals.

e Limited recombination since mtDNA is maternally inherited in most animals
[18].

Little recombination promotes the loss or fixation of mtDNA haplotypes [17].
This reduces diversity within species and makes species identification with
molecular markers more successful.

e Fairly conserved flanking regions [19].

In order for universal primers pairs (used for large scale taxonomical
applications) to be designed and developed the barcode sequence must be
flanked by regions that are well conserved among species [19].

To summarize it, an ideal DNA barcode should i.) provide maximal discrimination
among species and ii.) be easily generated with a single primer pair in bidirectional
sequencing.

A short 648 base-pair region in the mtDNA cytochrome ¢ oxidase 1 gene (coxl) and its
resulting polypeptide (COI) qualifies to serve as a practical and standardized DNA
barcode for all animals [20] in accordance with the above characteristics. The gene has
successfully served as a barcode in many different animals such as birds, fish and
insects [4, 14 & 21] mainly because it is well conserved, showing low levels of
variance, within a species but it is at the same time showing enough divergence between
species to allow for differentiation among many different species [2].

1.2.2 The “barcode gap”

As understood from previous sections in order for DNA barcoding to be a suitable tool
for species identification there must be enough variation in sequences between different
species (interspecific variation) so that they can be discriminated from each other. At
the same time there must be little variation in sequences from individual samples within
a species (intraspecific) to enable assignment of these sequences to the same species.

A threshold called a “barcode gap” has been defined and applied to examine whether or
not sequence divergence is much larger among species than within species. A barcode
gap exists if there are interspecific divergences that are clearly greater than intraspecific
variation [2]. DNA barcoding becomes less effective as a tool the more overlap there is
between the intra- and interspecific divergences, i.e. none or a very small “barcode gap”
is identified [22].

1.3 Purpose

Barcoding projects have been initiated all over the world and the field is constantly
growing [55, 20, 5]. In Malaysia however, the field have not been deeply investigated



and not many barcoding projects have been undertaken. The purpose of this degree
project was to support the Malaysian progress by initiating a DNA barcode project. This
included i.) setting up a framework at UM for the workflow of barcode projects and ii.)
test this DNA barcoding framework for species identification of Malaysian freshwater
fishes.

1.4 Disposition

First, an overview of the process of DNA barcoding shall be outlined followed by the
detailed methods applied on the samples used for this study. Finally the results by
applying the process are presented. The intended readers of this report are future
barcode students at UM and those who intend to continue the work that has been
initiated. The methods applied have been described with the intention to get an initial
understand of well-known DNA sequencing and bioinformatics tools but not to give the
reader a deeper knowledge. The reader should read this report as a handbook for DNA
barcoding of fishes.

This thesis is divided into the following two sub-projects.

1. Field- and labwork; covering activities related to specimen collection and DNA
Sequencing to obtain DNA barcode sequences from collected specimens.

2. Data management and analysis; covering activities related to species
identification and establishing relationships within and between species based on
retrieved sequences along with database population of identified sequences as
species identifiers.



2 Materials and Methods

2.1 Target group for this study

Malaysia is a country with high biodiversity. The country itself and the oceans
surrounding it is a part of the Sundaland Hotspot which is defined as one of the world’s
34 biodiversity hotspots [23]. The biodiversity is high in this region because of its wide
range of different habitats, ranging from large rainforests to coral reefs and from muddy
shores surrounded by mangrove forests and swamps to mountain forests. The region is
particular rich in different species of freshwater fish. In 2007 there were about 1,000
known species of freshwater fish in the Sundaland Hotspot and about 200 new species
have been discovered since 1997 [23].

This vast biodiversity initially made the
amount of possible target groups for this
,__-L_ project large. UM has however invested in
several research projects related to the
Sundaland Hotspot region and in particular in
84 species biodiversity and habitants of one
| mangrove forest in Matang, a region situated in
& the Malaysian state Perak. As a result of deep
knowledge at UM regarding species taxonomy

and different ecosystems of freshwater fish in
Hotspot
| this region it was decided that Freshwater fish
of the mangrove forest in Matang shall be the
| target group for this thesis.

This hopefully implies easy identification of
collected fish and also allows for simplified
selection of relevant fishes for the study since
for example cultured fishes and other fishes
that are not natural habitants in this

environment easily can be identified and

Figure 2 Vast amount of fish collected durmg removed from the study.
trawling in Matang

Today nearly 10% of the DNA sequences available in the BOLD reference library
comprise marine and freshwater fish species [9]. One of the first comprehensive and
successful species identification studies applying DNA barcoding to freshwater fishes
was published in Canada in 2008 [24] and after this several others also have followed in
for example Brazil [26 & 27], Antarctica [50], Portugal [51], US [53] and Mexico and
Guatemala [25], all showing successful results of species identification using the coxl
gene for fishes.




2.1.1 Theregion

The mangrove forest in Matang is situated in the Malaysian state Perak. Perak is
bordered by Thailand in the north and the Strait of Malacca (a stretch of ocean between
Peninsular Malaysia and the Indonesian island Sumatra) in the west. Mangrove forests
are described by the World Wide Fund for Nature (WWF) as a unique type of
ecosystem often found along sheltered coastlines. Here they grow in saline soil and
brackish water and the trees in mangrove forests are familiar to many because of their
characteristic root and leaf structures [28].

The region also is of great interest because the presence of mangrove areas is decreasing
in Malaysia and today Mangrove forests are one of the world’s most threatened tropical
ecosystems. More than 35% of the world’s mangroves are already gone [29]. According
to WWF Mangrove forests are very important for retaining a stable ecosystem. In
Malaysia they protect coastlines, prevent saltwater from intruding into rivers and are an
important breeding ground for a great amount of species [28].

Many also believe that developing countries such as Malaysia benefit by sustaining
mangrove areas rather than clearing them to make room for infrastructural projects or
shrimp farms. This since they are important for the fishing industry and serve as a
valuable tourist attraction. On the west coast of Peninsular Malaysia, about 50 % of all
fish landings are associated with mangrove areas [28]. Highlighting work in mangrove
areas could support sustainability since it increases knowledge about this particular
ecosystem. It hopefully helps people understanding that destroying them effects the
whole ecosystems of the country and such activities could also have negative economic
effects long term.

2.2 Sampling

2.2.1 Selection rules

There are 1823 different fish species identified in Malaysia out of which 612 are
freshwater fishes [30] and several of these freshwater fishes are found the in mangrove
area of Perak. The following selection rules for fish sample collection were identified to
ensure that only relevant samples were collected for this study:

1. For validation purposes it is crucial that it is possible for others to replicate
results and collection should hence avoid rare species in the region. This could
complicate ability to replicate this study. The first selection rule was set to:
Target collection of fish samples common to the area

2. Due to sensitivity of DNA extraction and PCR it is difficult to predict if methods
applied for DNA management would generate successful result for all types of
fish species. Fish sample collection should hence focus on different types of
species and not be limited to a small set of species. The second selection rule
was set to:

Target collection of samples from at least 15 different species



3. Further, sequences need to be generated from more than one sample of the same
species in order to ensure that it can be reviewed if DNA barcoding is a suitable
mechanism for species identification: The last selection rules was hence set to:
Target collection five (5) samples from each of the 15 species

In addition to the above rules, fishes need to be killed and managed in a DNA friendly
matter to avoid negative impact on the quality of the DNA. All samples shall be kept on
ice during the time between collection of the specimen and tissue (muscle or fin)
sampling to avoid degradation of the DNA and the DNA sampling itself needs to be
performed in ways to avoid DNA contamination. Tissue samples shall also be kept
frozen and preserved in ethanol until further analysis to avoid degradation of the DNA.

Required information regarding the collection of samples shall be gathered on the
collection sites (such as country, region, GPS-coordinates and photographs) for
validation purposes and to start manage the sample in accordance with standards agreed
by BOLD.

Expert taxonomists should be involved in validation of identity the voucher specimens
and to provide additional information about the species to further ensure that the
specimens collected are identified correctly at the sampling site and in accordance with
the above rules.

2.3 DNA Extraction, Amplification and Sequencing

Generating DNA sequences that are intended for use as barcodes involve well
established and standardised methods used in almost all types of DNA sequencing
projects today. There are also several different ways of extracting DNA and different
PCR cycles to use in generation of DNA sequences from animal specimens.

This thesis project relies on the knowledge and methods already used amongst the
molecular scientists at UM. Their lab protocols have proven successful in previous
projects with focus on sequencing fish DNA and are therefore followed to a great extent
when working with these samples which are of similar character

2.3.1 DNA extraction

The coxl gene has been accepted as a standard barcode and there are now several
standardized extraction protocols for DNA barcoding [31]. Ivanova and others [31]
suggest using silica-based method for DNA extraction in fishes and such extraction
methods have now been used in several fish barcoding projects [3, 4 & 24].

DNA shall be extracted from the tissue samples by using extraction protocols that are
known to be appropriate for both muscle and fin organelles. Researchers at UM have
successfully extracted highly purified DNA from fishes collected in Matang and the
using and the following method shall hence be applied in this study as well:



Digestion - Step 1 of the extraction procedure

Prepare Eppendorf tubes labelled according to the samples used and take approximately
0.1 g of fresh or ethanol-preserved tissue and insert it into the corresponding Eppendorf
tube. Insert 300 pl extraction buffer + 2 % SDS into each tube and add 30 pl proteinase
K (protK) into each tube. Place tubes in water bath at 37°C overnight.

Extraction - Step 2 of the extraction procedure performed in a fume chamber

Add 330 pl of Phenol into each tube and shake the samples a few seconds by hand and
then rotate them for 10 minutes. Spin the samples in microfuge for 30 seconds at 12000
rpm and add 330 pl of Chloroform into each tube post spinning. Shake the samples
again for a few seconds by hand and then rotate them for 10 minutes in a microfuge at
12000 rpm.

The samples should now have two layers where the upper layer contains DNA. Remove
the upper layer of each sample with a cut tip to avoid mixing the DNA and place it in a
new labelled Eppendorf. Add 990 ul of Absolute Ethanol (ice cold) into each new tube
to wash the DNA and shake the samples by hand (should see DNA). Place the samples
to incubate in a freezer (-20°C) over night or at -80°Cfor at least 30 minutes.

Spin the samples the day after incubation in a microfuge for 10 minutes at 12000 rpm
and then pipette off as much of the alcohol as possible. Centrifuge the tubes for 3
minutes at 12000 rpm and pipette off as much of the alcohol as possible without
disturbing the DNA at the bottom. Cover tubes with foil and place in vacuum airer or
oven at low temperature for approximately 15 minutes but be careful not to over dry the
pellet.

Add 100 pl of filtered TE buffer with PH 7.2 into each tube and then flick them to
liberate the pellet from the bottom of the tube and leave the tubes in fridge to dissolve
overnight.

Confirm presence of DNA - Step 3 of the extraction procedure

Prepare an agarose gel with enough wells for all samples plus loading buffer and HIND
111 and add approximately 0.5ug of solution from each of the above samples and place it
in one of these new Eppendorf tubes. Stain the 0.5ug samples with ethidium bromide
(binds to DNA) and add loading buffer to each sample. Load the dyed samples on the
agarose gel along with one well loaded with loading buffer and one with HIND Il
(known molecular weight ladder that will visualize 8 fragments from 125 to 23 130 bp).

Fix the geltray on voltage 60 mA to start migration and separation of DNA fragments in
the solution, the shortest DNA fragments will move faster than the longer fragments
which imply that fragments of DNA in each sample will be separated depending on
their length. Determine presence of DNA by measuring the intensity of light absorbance
of each sample of loaded DNA solution with a spectrophotometer. DNA absorbs UV
light at 260 and 280 nanometres. Visualize the gel using a UV transilluminator and
capture the results on photo.



2.3.2 Amplification - Polymerase chain reaction (PCR)

PCR is one of the most well-known methods for purifying DNA regions. One of the
major limitations of PCR is however that at least one part of the sequence to be
amplified must be known [32] in order to start amplification and the most crucial parts
of DNA barcoding is often to design appropriate primer because small changes might
have a large effect on barcode recovery so the first phase of DNA barcoding should
involve identification of suitable primers [31]. The coxl region of mtDNA is highly
conserved which makes design of universal primers and hence amplification possible.

There are several different amplification protocols to use for PCR. This study shall
follow the protocols for COl amplification set up by Natalia Ivanova and Chris Grainger
[33] for Canadian Centre for DNA barcoding (CCDB) as outlined below. CCDB is in
collaboration with CBOL and their protocols are widely used in attempts to amplify
barcode regions of approximately 655bp from the 5’ end of the coxl gene using a
mammal primer cocktail [34] and different combination of primers. The procedure for
coxl amplification shall be based on the following basic recipe for PCR [34], please
note that the 10% trehalose in the original recipe is replaced by ddH,O:

Component Amount

ddH,0 (autocalved water) 8.25 ul

10x Buffer 1.25 ul

50 mM MgCl, 0.625 pl
Forward primer (10 pM) 125 ul
Reverse primer (10 uM) 125 ul
dNTPs (10 mM) 1pl

Taq polymerase (5 U/ul) 0.25 ul
TOTAL 10.5 pl
Template DNA 2 ul per well

When mixing the PCR mixture the components presented above shall be mixed in the
following order: ddH,0O — Buffer - MgCl, — dNTPs - Primers — Taq. The preparation of
the mix shall be performed on ice with all components were kept cool (in order to
prevent premature start of the reactions).

Bidirectional sequencing, i.e. using a combination of forward and reverse primers as
reads, normally provides higher consensus sequences compared to unidirectional
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sequencing and allows for independent confirmation of sequence information in two
directions, not only one. The sequencing signal often becomes unclear near the end of a
reading frame and bidirectional sequencing can help ensure that a clear signal from both
ends is made available which potentially improves the generation of full-length
sequences [31].

During the last years the following four bidirectional primers, or a combination of these,
have successfully been applied in studies involving DNA barcoding of fish and will
hence be used in this study as well [3, 4, 24 & 34]:

FishF1: 5" TCAACCAACCACAAAGACATTGGCAC 3’
FishR1: 5’ TAGACTTCTGGGTGGCCAAAGAATCA 3’
FishF2: 5’ TCGACTAATCATAAAGATATCGGCAC 3’
FishR2: 5" ACTTCAGGGTGACCGAAGAATCAGAA 3’

The above four primes will all anneal to the same positions of the target sequence the
fish gene which implies that the sequences generated will be interpretable and
comparable when analyzing the sequences retrieved [34] in accordance with the below
picture.

5 )
IFishFL ——— <——FishRL |
FishF2 —— < FishR2|

Figure 3 Fish F1/R1 and F2/R2 primer positions in relation to each other

The following PCR cycle [4] shall be applied in this study:

Number of cycles Temperature Time

1 95°C 2 min

35 94°C 30 sec
54°C 30 sec
72°C 1 min

1 72°C 10 min

HOLD AT: 4°C
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Upon completion of PCR it is important to make sure that the quantity of PCR product
is enough for DNA sequencing [31]. Once the sequences are amplified and purified the
resulting products shall therefore be analysed using agarose gel and electrophoresis.
Presence of successful PCR products was determined by measuring the intensity of light
absorbance of each sample of loaded DNA solution with a spectrophotometer using the
same method as described above under DNA Extraction. Only the selected region will
generate one single band during the electrophoresis if the PCR has amplified
successfully [32].

2.3.3 DNA Sequencing

Successful amplification of DNA relies to a great extent on using purified high-quality
DNA in the experiments. To prepare samples for sequencing the next step of the process
is hence to purify, i.e. cleaning the DNA from nucleotides that are not part of the
sequence and residual primers, the PCR products. The UM researchers have been using
the QlAquick PCR Purification Kit for purification of up to 10 pg PCR products in
other successful DNA extraction projects involving fish. It was therefore decided that
this shall also be applied in this study. The Kit includes all columns, buffers and
collection tubes required and a purification process protocol [56].

There are various methods and instruments to be used for carrying out DNA sequencing
post purification and choosing technique normally depends on the scale of the project
and on the volume of sequencing reactions [31]. In this case, samples that successfully
generates PCR products (indicate a single visible band) shall be sent together with the
forward and reverse primers used in the PCR to 1stBase in Kuala Lumpur [35] for
bidirectional sequencing with the forward and reverse primers described above. This
company generates sequences for samples provided using BigDye® Terminator v3.1
cycle sequencing kit from Applied Biosystems Inc., ABI. The resulting fluorescent
signals will be recorded as an electropherogram and provided in .abl format together
with corresponding sequences in .seq fasta format.

2.4  Sequence analysis

The methods for analysing DNA data described in this section shall be applied in this
study. The focus of these methods shall be to describe the evolutionary relationship
between species by performing phylogenetic analyses and measuring the “barcode gap”.
This shall provide an estimate of the ability of the coxl gene sequence to serve as a
barcode for freshwater fish.

2.4.1 Individual sample management

All samples successfully sequenced will generate four sequences, i.e. one per primer,
and shall be analysed and edited both automatically and manually.

First, sequence identity shall be reviewed by searching GenBank using algorithms built
into the Basic Local Alignment Search Tool (BLAST). BLAST helps estimate
similarity between the untrimmed barcode sequence records retrieved from sequencing
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and sequence records already existing in the comprehensive Genbank database.
Similarity between sequences is calculated using built in algorithms for local sequence
alignments. These algorithms are based on statistical significance of matches expressed
as Expect value (E-value) and ldentity Scores (ldent). The E-value provides an estimate
of the number of hits one can "expect" to see by chance when searching the database,
the lower the E-value the more significant the match is of a particular size, and it
decreases exponentially as the score of the match increase and the Ident value gives an
estimate of the degree of correspondence between two sub-sequences (no gaps between
the sequences) where a high identity score implies high similarity of structure or
function [36]

All four sequences per sample will also be manually trimmed into the same length and
aligned, reverse sequences complemented into forward, using the ClustalWw method and
the software MEGA 6 [37]. Further, to obtain one coxl sequence per sample a
consensus sequence needs to be created from the four sequence records using MEGA 6.
The consensus sequence will be established based on algorithms creating nucleotide
patterns where each position in the sequence pattern represents the nucleotide that is
most likely to occur, i.e. occurs most frequently at this position in the sequence [38].

2.4.2 Between species analyses

Once you have several sequences to analyse the first step of performing multiple
alignments will be to align the sequences that shall be compared based on similarities.
Challenges in this process normally relates to difficulties to determine the most likely
alignment among dissimilarities and several combinations of gaps, matches and
mismatches caused by indels and point mutations and several known software using
predefined algorithms are often used to produce multiple alignment of sequence records.
Multiple alignments in this study will be carried using the MEGA 6 software with
Bootstrapping of 1000 replicates which is based on the Needleman-Wunsch dynamic
programming algorithm [39] to maximize the number of matched nucleotides and select
the alignments that generates that highest match score based on sequence similarity.

The evolutionary distance between the sequences (sequence divergence) will also be
estimated once the sequences are aligned using substitution models that apply
algorithms based on differences between sequences. The Kimura 2-parameter distance
model (K2P) is up until now assessed as the most effective substitution model to use
when calculating small evolutionary distances between short sequences with few
substitutions such as the coxl sequence [2]. The K2P method is particular efficient
because it aims at increasing accuracy of the sequence divergence calculation by taking
the non-randomness of substantiations into account without complicating the
calculations [40]. K2P assumes equal composition of base frequencies (n = n* = n" = n°
= 1% = 1/4) in sequences which is a simplification of the reality, but takes mutation
frequencies, distinguishes between transitions (o) and transversions (), into account
[40].
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C

Figure 4 Transitions (o) and transversions (B) defintions.

To calculate sequence divergence, d, using K2P the following parameters are defined:

e P: observed number of transitional differences between the sequences
Q: observed number of transversion differences between the sequences

e W1=1-2P-Q (1)
e W2=1-20Q 2)
e d=-(1/2)xIn(wl) - (1/4)xIn(w2) (3)

Intra- and inter specific variation should be compared and expressed as the ratio of the
two values sequence divergence among sequences from the same species, dinra, and
sequence divergence among sequences from different species, diner, When using the
model to calculate the barcode gap [57].

o K = dintra/dinter (4)

K indicates how different the sequences are. High genetic variation between the
sequences would result in a high K-value and implies that there are many differences
between the sequences (lineages are distinct). A low K-value means that it is hard to
observe differences between the sequences. i.e. two distinct lineages cannot be found.

Further, a phylogenetic tree of sequence distances is normally constructed to help
demonstrate a cluster of closely related sequences and is particularly useful in case of
absence of a barcode gap (low K-value). There are several different types of methods of
construction phylogenetic trees, Neighbor-Joining (NJ) phylogenetic tree [41] being one
of the most widely used method since it is fast and easy to apply on large data sets. The
NJ method also allows for bootstrapping, a tool for assigning measures of precision to
sample estimates such as phylogenetic trees, in an easy way. NJ is a bottom-up
clustering method that uses a distance matrix approach to display evolutionary distance
between aligned sequences. Distances are often expressed as “the number of nucleotides
that differ between aligned sequences using an iterative process of finding and joining
pairs of aligned sequences that that gives the smallest sum of branch lengths until the
tree is completely resolved and all branch lengths are known” [41].

The MEGAG software shall be applied for calculation sequence divergence both within
and between species in accordance with the above described methods and also to create
rooted NJ trees of these estimated K2P distances that provide graphic representations of
relationships between the coxl sequences.
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2.5 Data management

Once DNA barcodes are generated at a lab they are most often used to be matched with
other existing barcodes or to genetic material from voucher specimens by uploading
them to for example GenBank or other databases on the Internet. Before this is possible,
researchers at UM believe it is necessary to develop a workflow and tools for work with
DNA barcoding. One of the main parts of a DNA barcoding project is data management
and ensuring that information needed for barcode validation is provided in an
appropriate manner. To facilitate these steps of the DNA barcoding workflow a
database containing information gathered during barcoding work is therefore needed at
UM.

CBOL provides a tool called Barcode of Life Database (BOLD) where users can upload
barcode projects. BOLD have three main components. One part is based on a
standardized framework that helps the user to ensure that all necessary data is provided
in a barcoding project [42]. It also helps users to manage and analyse their barcode data.
The main goal with BOLD is to create a reference library of DNA barcodes based on an
identification engine. This part can be used to assign unknown specimens to already
known ones based on the DNA barcodes [42]. Some other minor barcoding projects use
other databases as well to help facilitate their work. FISH-BOL, for example, uses a
database called FISH-BASE to help associate fish and corresponding taxonomic and
environmental data with the aim to barcode all fishes over time [54]. There are
databases developed apart from CBOL. One example is BioBarcode, a Korean initiative
to serve as a platform for Asian biodiversity. They work in collaboration with CBOL
and have agreed upon the same standards as CBOL but have decided to build their own
database and tools to facilitate barcoding work in the Asian region [43].

At UM the goal is to join BOLD as soon as possible and the database developed in this
project will serve as an internal tool to organize barcode data according to the standards
set up by CBOL. The last step of a barcoding project is for the barcode to be approved
and made public. This is most often done by adding the sequence to BOLD or to
GenBank which is established by the National Center for Biotechnology Information,
NCBI.
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3 Results

During these six months in Malaysia a workflow for DNA barcoding was established
along with the DNA barcode research performed. This workflow will be presented
below along with the results from the actual DNA barcoding activities performed.

3.1 Sample collection and evaluation

Two field trips to Matang were accomplished during the course of the project. Trip A
lasted for 3 days and two nights and trip B lasted for two days and one night. Fish was
caught with support from local fishermen and their supporting equipment during both
trips using trawls at five different locations in the mangrove area. The five locations
were selected in order to collect as many specimens as possible amongst the most
common species in the area.

A vast amount of fish was caught during trawls and, with initial support from the local
fishermen, we managed to identify and collect fishes of interest based on our three
selection rules. During trip A we collected 79 specimens from 23 different species and
during trip B the collections resulted in 35 specimens from 14 different species. In total
114 specimens from 30 different species were collected (please refer to Appendix C
Matang Specimen Info and Appendix D Matang Specimen Taxonomy for details).

All 114 specimens were morphologically identified by morphological specialists at UM
and then labelled and archived in a museum collection at UM. The 30 species are
distributed across 1 class, 6 orders, 19 families and 25 genera (please refer to Appendix
D — Matang Specimen Taxonomy).

Fin and tissue samples were collected from the fishes immediately after each trawl to
avoid contamination and DNA degradation to an as great extent as possible. Each fin
and tissue sample was labelled as well as the corresponding fish specimen. Samples
were then kept in 99.7 % ethanol and on ice until initiation of DNA extraction.
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3.2 DNA amplification

DNA extraction was performed on 65 out of the 114 specimens out of which 61
successfully generated products containing DNA (53.0% of initial reference samples).

1T 12 13 14315 16

Figure 5 Example of agarose gel of DNA extracted from fish specimen samples.

Lane 1: Hind Il DNA ladder and lane 2-15: samples of extracted DNA. This example illustrates that
DNA fragments are to be found in each one of the 14 samples visualized on this gel.

The barcode region of the coxl gene (COI-5P) was PCR amplified using all
combinations of the four universal fish primers in 45 out of these 61 samples.
Visualization of the samples on agarose gel determined that 31 of the samples (70% of
samples amplified) had successfully generated PCR products of an approximate length
of 650-bp fragments.

Figure 6 Example of agarose gel of PCR amplicons from DNA of samples.

Above illustrated samples are derived from primer pair F1, R1, F2 and R2. Lane 1: Hind 11l DNA ladder
(size marker), lane 2-15: samples of extracted DNA and lane 16: low range DNA Ladder with 50-1000
bp. This example illustrates that DNA fragments of an approximate length of 650-bp are to be found in of
the 10 samples visualized on this gel. Lanes 8, 11, 12 and 15 lack bands, indicating unsuccessful PCR
amplification.
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Due to economic constraints at UM, only the following 12 samples out of the above
successfully extracted and amplified samples could be sent for sequencing post
purification of the samples using the QlAquick PCR Purification Kit. All of the 12
samples amplified successfully during sequencing (please refer to Appendix A —
Sequences per sample based on four bidirectional primers for detailed sequencing
results). This implies that we successfully have obtained mitochondrial COIl barcodes
for 12 specimens belonging to 1 class, 5 families, 4 orders, and 5 species in 5 genera
(Table 1 below).

Table 1 Specimen samples generating successful COI barcodes and related taxonomy.

DV 9 Batrachomoeus trispinosus Batrachoidiformes Batrachoididae
DV 7 Batrachomoeus trispinosus Batrachoidiformes Batrachoididae
DV 8 Batrachomoeus trispinosus Batrachoidiformes Batrachoididae
DV 10 Scatophagus argus Perciformes Scatophagidae
CV5 Arius maculatus Siluriformes Ariidae
CV 6 Arius maculatus Siluriformes Ariidae
DV 13 Pomadasys argenteus Perciformes Haemulidae
CV 15 Pomadasys argenteus Perciformes Haemulidae
DV 15 Pomadasys argenteus Perciformes Haemulidae
DV 14 Pomadasys argenteus Perciformes Haemulidae
FVv3 Trixiphichthys weberi Tetraodontiformes Triacanthidae
FVv7 Trixiphichthys weberi Tetraodontiformes Triacanthidae

3.3 Sequence analysis

3.3.1 Sequence diversity

GenBank analyses indicate that all sequenced samples have been correctly identified
morphologically based on low e-values and high sequence similarity scores to
sequences from the same species already submitted to GenBank as indicated in Table 2
below. Sample CV15 was morphologically identified as Pomadasys argenteus but
GenBank results for the all bi-directional primer sequences indicates, E-value 0,00 and
average similarity score of 90%, high likelihood that this fish specimen was rather more
likely to belong to the species Pomadasys kaakan.



18

Table 2 E-values and estimated sequence identity scores for bi-directional sequences.

Sequence (Primer name)

1st BASE_384227_P_D9_FISH_F1

1st BASE_384228 P_D9_FISH_R1

1st BASE_384229 P_D9_FISH_F2

1st BASE_384230_P_D9_FISH_R2

1st BASE_384259_P_D7_FISH_F1

1st BASE_384260_P_D7_FISH_R1

1st BASE_384261_P_D7_FISH_F2

1st BASE_384262_P_D7_FISH_R2

1st BASE_384235_P_D8_FISH_F1

1st BASE_384236_P_D8_FISH_R1

1st BASE_384237_P_D8_FISH_F2

1st BASE_384238_P_D8_FISH_R2

1st BASE_384267_P_D10_FISH_F1

1st BASE_384268_P_D10_FISH_R
1

1st BASE_384269_P_D10_FISH_F2

1st BASE_384270_P_D10_FISH_R
2

1st BASE_384239_P_C5_FISH_F1

1st BASE_384240_P_C5_FISH_R1

1st BASE_384241 P_C5_FISH_F2

1st BASE_384242_P_C5_FISH_R2

1st BASE_384243_P_C6_FISH_F1

1st BASE_384244 P_C6_FISH_R1

1st BASE_384245_P_C6_FISH_F2

1st BASE_384246_P_C6_FISH_R2

1st BASE_384271_P_D13 FISH_F1

1st BASE_384272_P_D13 FISH_R
1

1st BASE_384273_P_D13 FISH_F2

1st BASE_384274_P_D13 FISH_R
2

1st BASE_384247_P_C15_FISH_F1

BLAST query result

Batrachomoeus trispinosus mitochondrial DNA, complete
genome except for D-loop

Batrachomoeus trispinosus mitochondrial DNA, complete
genome except for D-loop

No significant similarity found.

Cyanocorax chrysops/cyanopogon voucher MACN-Or-ct
1137 cytochrome oxidase subunit 1 (COI) gene, partial cds;
mitochondrial

Batrachomoeus trispinosus mitochondrial DNA, complete
genome except for D-loop

Batrachomoeus trispinosus mitochondrial DNA, complete
genome except for D-loop

No significant similarity found.

Batrachomoeus trispinosus mitochondrial DNA, complete
genome except for D-loop

Batrachomoeus trispinosus mitochondrial DNA, complete
genome except for D-loop

Batrachomoeus trispinosus mitochondrial DNA, complete
genome except for D-loop

Batrachomoeus trispinosus mitochondrial DNA, complete
genome except for D-loop

Batrachomoeus trispinosus mitochondrial DNA, complete
genome except for D-loop

Scatophagus argus voucher KUT 1829 cytochrome oxidase
subunit 1 (COI) gene, partial cds; mitochondrial

Scatophagus argus voucher KUT 1829 cytochrome oxidase
subunit 1 (COI) gene, partial cds; mitochondrial

Scatophagus argus voucher KUT 1829 cytochrome oxidase
subunit 1 (COI) gene, partial cds; mitochondrial

Scatophagus argus voucher KUT 1829 cytochrome oxidase
subunit 1 (COI) gene, partial cds; mitochondrial

Arius maculatus isolate MAM2 cytochrome oxidase subunit
1 (COl) gene, partial cds; mitochondrial

Arius maculatus isolate MAM2 cytochrome oxidase subunit
1 (COl) gene, partial cds; mitochondrial

No significant similarity found.

Arius maculatus isolate MAM2 cytochrome oxidase subunit
1 (COl) gene, partial cds; mitochondrial

Arius maculatus isolate MAM2 cytochrome oxidase subunit
1 (COl) gene, partial cds; mitochondrial

Arius maculatus isolate MAM2 cytochrome oxidase subunit
1 (COl) gene, partial cds; mitochondrial

No significant similarity found.

Arius maculatus isolate MAM2 cytochrome oxidase subunit
1 (COl) gene, partial cds; mitochondrial

Stolephorus indicus isolate IOBML48 cytochrome oxidase
subunit I-like (COI) gene, partial sequence; mitochondrial

Pomadasys hasta isolate FSCS052-06 cytochrome oxidase
subunit | (COI) gene, partial cds; mitochondrial

Pomadasys hasta isolate FSCS052-06 cytochrome oxidase
subunit | (COI) gene, partial cds; mitochondrial

Pomadasys hasta isolate FSCS052-06 cytochrome oxidase
subunit | (COI) gene, partial cds; mitochondrial

Pomadasys kaakan cytochrome oxidase subunit I (COIl)
gene, partial cds; mitochondrial

E-value

0,0

0,0

n/a

3e-17

0,0

0,0

n/a

0,0

0,0

0,0

2e-93

0,0

0,0

0,0

0,0

0,0

0,0

0,0

n/a

0,0

0,0

0,0

n/a

0,0

2e-04

0,0

0,0

0,0

0,0

Ident

95%

94%

n/a

86%

95%

93%

n/a

93%

95%

94%

81%

94%

99%

99%

99%

99%

99%

99%

n/a

100%

99%

99%

n/a

99%

100%

96%

99%

98%

89%




Sequence (Primer name)

1st BASE_384248_P_C15 FISH_R
1

1st BASE_384249_P_C15_FISH_F2

1st BASE_384250_P_C15 FISH_R
2

1st BASE_384251 P D15 FISH_F1

1st BASE_384252_P_D15 FISH_R
1

1st BASE_384253_P_D15 FISH_F2

1st BASE_384254_P_D15 FISH_R
2

1st BASE_384275_P_D14 FISH_F1

1st BASE_384276_P_D14 FISH_R
1

1st BASE_384277_P_D14 FISH_F2

1st BASE_384278_P_D14 FISH_R
2

1st BASE_384255_P_F3 FISH_F1

1st BASE_384256_P_F3 FISH_R1

1st BASE_384257_P_F3 FISH_F2

1st BASE_384258_P_F3 FISH_R2

1st BASE_384231_P_F7_FISH_F1

1st BASE_384232_P_F7_FISH_R1

1st BASE_384233_P_F7_FISH_F2

1st BASE_384234_P_F7_FISH_R2
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BLAST query result

Pomadasys kaakan cytochrome oxidase subunit I (COIl)
gene, partial cds; mitochondrial

Pomadasys kaakan cytochrome oxidase subunit I (COIl)
gene, partial cds; mitochondrial

Pomadasys kaakan cytochrome oxidase subunit | (COIl)
gene, partial cds; mitochondrial

Thamnaconus modestus voucher NSMK:PI-000104
cytochrome oxidase subunit I (COIl) gene, partial cds;
mitochondrial

Pomadasys hasta isolate FSCS052-06 cytochrome oxidase
subunit | (COI) gene, partial cds; mitochondrial

Pomadasys hasta isolate FSCS052-06 cytochrome oxidase
subunit | (COI) gene, partial cds; mitochondrial

Pomadasys hasta isolate FSCS052-06 cytochrome oxidase
subunit | (COI) gene, partial cds; mitochondrial

No significant similarity found.

Pomadasys hasta isolate FSCS052-06 cytochrome oxidase
subunit | (COI) gene, partial cds; mitochondrial

Pomadasys hasta isolate FSCS052-06 cytochrome oxidase
subunit | (COI) gene, partial cds; mitochondrial

Pomadasys hasta isolate FSCS052-06 cytochrome oxidase
subunit | (COI) gene, partial cds; mitochondrial

Trixiphichthys weberi cytochrome ¢ oxidase subunit |
(COXI) gene, partial cds; mitochondrial

Trixiphichthys weberi cytochrome ¢ oxidase subunit |
(COXI) gene, partial cds; mitochondrial

Trixiphichthys weberi cytochrome ¢ oxidase subunit |
(COXI) gene, partial cds; mitochondrial

Trixiphichthys weberi cytochrome ¢ oxidase subunit |
(COXI) gene, partial cds; mitochondrial

Trixiphichthys weberi cytochrome ¢ oxidase subunit |
(COXI) gene, partial cds; mitochondrial

Trixiphichthys weberi cytochrome ¢ oxidase subunit |
(COXI) gene, partial cds; mitochondrial

Trixiphichthys weberi cytochrome ¢ oxidase subunit |
(COXI) gene, partial cds; mitochondrial

Trixiphichthys weberi cytochrome ¢ oxidase subunit |
(COXI) gene, partial cds; mitochondrial

E-value

0,0

0,0

0,0

0,0002

0,0

0,0

0,0

n/a

3e-120

0,0

0,0

0,0

0,0

0,0

0,0

0,0

0,0

0,0

0,0

Ident

90%

90%

90%

97%

99%

99%

100%

n/a

90%

99%

100%

87%

88%

87%

87%

87%

87%

87%

87%
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Comparing the four retrieved bidirectional COI sequence records per sample (see
Appendix A — Sequences per sample based on four bidirectional primers) establishes
that all COI sequences were longer than 600bp. One COI sequence per sample, a
consensus sequence, was established and trimmed from each of the four sequences
using MEGAG. All consensus COI sequences had a length of approximately 660bp (see
Appendix B — Consensus Sequence Summary for details) and analysis also confirms
that none of these sequences contain indels or stop codons.

Additional analyses and GenBank results of the corresponding consensus sequence for
the sample CV15 indicates, E-value 0,00 and average similarity score of 90%, high
likelihood that this fish specimen was rather more likely to belong to the species
Pomadasys kaakan or actually Pomadasys hasta, as indicated by the table below.

Table 3 Four (4) highest BLAST sequence identity scores for consensus sequence CV15

Description Max score Total score Query cover E value ldent

Pomadasys kaakan cytochrome
oxidase subunit | (COIl) gene, partial 841 841 98% 0.0 90%
cds; mitochondrial
Pomadasys hasta isolate FSCS052-06
cytochrome oxidase subunit I (COI) 833 833 98% 0.0 90%
gene, partial cds; mitochondrial
Pomadasys hasta isolate FSCS051-06
cytochrome oxidase subunit I (COI) 830 830 98% 0.0 90%
gene, partial cds; mitochondrial
Pomadasys kaakan voucher GF751
cytochrome oxidase subunit 1 (COI) 826 826 98% 0.0 90%
gene, partial cds; mitochondrial

3.3.2 Sequence comparison

Pairwise multiple alignments of the consensus sequences using MEGAG indicates that
the sequence pairs C5 and C6, D14 and D15 as well as D8 and D9 constitute identical
sequence pairs since the genetic divergence between them is being equal to 0 % in the
below figure.

R IFIEIICENIEEEIEYEY
i 2 3 4 5 [ 7 8 9 10 ali g 12
. Consensus_C15_Col_F2r2 i
. Consensus_C5 COI F1/R1 0,209
, Consensus_C6_COI_F1/R1 0,209 0,000
. Consensus_D10_COI_F1/R1 0,213 0,228 0,228
. Consensus_D13_COI F2R2 0,118 0,228 0,228 0,227
. Consensus_D14 COI_F2R2 0,109 0,218 0,218 0,216 0,008
. Consensus_D15 COI F2/RZ2 0,109 0,219 0,219 0,216 0,008 0,000
. Consensus_D7_COI_F1/R1 0,29 0,271 0,271 0,327 0,340 0,329 0,329
9. Consensus_D8_COI_F1/R1 0,293 0,265 0,255 0,315 0,330 0,320 0,320 0,009
10. Consensus_D9_COI_Fi/R1 0,293 0,255 0,255 0,315 0,330 0,320 0,320 0,009 0,000
11, Consensus_F3_COI_F1jR1 0,217 0,217 0,217 0,226 0,212 0,203 0,203 0,292 0,230 0,280
12, Consensus_F7 COI F2R2 0,217 0,211 0,211 0,230 0,214 0,205 0,205 0,292 0,281 0,281 0,005
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Figure 7 Intra- and Interspecific Kimura-2-parameter distances for all samples.

The table in the picture above contains estimated Intra- and Interspecific Kimura-2-
parameter distances amongst all retrieved COI sequences and indicates that three
sequence pairs constitute identical sequences given that the genetic divergence is equal
to 0% within the pair.
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Removal of one sequence per identical sequence pair, i.e. CV5, DV 14 and DVS8, results
in an high average interspecific Kimura-2-parameter distance at 24,73% between
species and the remaining COI sequences shows low average intraspecific Kimura-2-
parameter distances at 0.71% within species with the lowest intraspecific difference
being 0.46%. This gives an indication that COIl sequence differences between closely
related species are higher than differences within species.

MNEIMIFIPIICIEIEA I EIE:
1 2 3 4 5 6 7 8 3

. Consensus C6_COIF1R1 §
. Consensus_D13 COI_F2/RZ 0,229

. Consensus_D15 COI_F2/RZ  0.220 0.008

. Consensus_C15 COI_F2/RZ 0.210 0.118 0.109

. Consensus_F3_COI_F1R1 0.218 0,212 0.203 0.217

. Consensus_F7_COI F2R2 0.211 0.214 0,206 0.217 0.005

. Consensus_D7_COI_F1jR1 0,271 0,340 0,329 0.296 0,292 0,292

. Consensus_D9_COI_F1R1 0.265 0,331 0320 0.293 0.281 0.231 0.009
.Consensus_D10_COI_F1/R1 0,223 0.227 0.216 0.213 0.226 0230 0.327 0.316

LY R T e T o I o Y R

Figure 8 Intra- and Interspecific Kimura-2-parameter distances amongst unique sequences.

The table shows that the within species (intraspecific) distances are i.) 0.46% between
the unique COI sequences for samples FV3 and FVV7 (Trixiphichthys weberi), ii.) 0.77%
between samples DV13 and DV15 (Pomadasys argenteus) and iii.) 0.92% between
samples DV7 and DV9 (Batrachomoeus trispinosus) resulting in an average
Intraspecific distance at 0,71%. The average distance between species (Interspecific) is
24,73%. The average distance within an order, i.e. in this case the distance between
sample D10 and D13, C15, D15 respectively, is 22,26%.

Phylogenetic trees were reconstructed based on the remaining 9 unique COI sequences.
The NJ analysis showed that the COI sequences for each of the 5 species were clearly
discriminated from each other, i.e. indicating deep intraspecific and interspecific
divergences as outlined below. The mean distance in the constructed trees seem to be
lower within orders as for example indicated by sample DV10 which belongs to the
same order Perciformes as DV13, DV15 and C15.
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— Consensus_D7_COl_F1/R1
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0.05

Figure 9 NJ evolutionary relationships between the 9 unique COI sequences.

Shown above is the optimal NJ tree illustrating relationships between the remaining 9
unique COI sequences calculated using the NJ method with the sum of branch length =
0.68079297 and there was a total of 657 positions in the final dataset.

3.4 Publication — DNA barcoding database

The sequences generated in this study have not been deposited in GenBank. All
obtained sequences and related voucher information were stored in a local database at
UM containing all required information in preparation for this final step of the DNA
barcoding study. This database has remained in house at UM to date in preparation for
the DNA barcoding workflow to be established.
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4 Discussion

DNA barcoding as a tool for species identification is criticised from various aspects.
Some are of more political character and some are directly from questioning scientists.
When Herbert published his article in 2003 it gave spark to a debate regarding the
importance of taxonomists and whether or not DNA barcoding was here to replace
traditional morphological methods for species identification [1]. This position has
changed and most researchers in the field of taxonomy now agree that DNA barcoding
is a helpful tool in the process to identify and catalogue species. There are still
researchers that doubt that a single gene can distinguish all species and refer to the fact
that taxonomists that base their conclusions on morphological basis have a set of many
different characters, not a single one, to help them recognize species [44]. For plants a
combination of at least two barcodes are recommended to ensure identification and
some argue that a combination of barcodes would be better for animal barcoding as
well.

One of the goals of this study was to i.) set up a framework at UM for the workflow of
barcode projects and ii.) test this DNA barcoding framework for species identification
of Malaysian freshwater fishes. The results presented above will herein be presented
below in light of these two goals.

4.1 DNA barcoding workflow (COIl barcode sequences)

The steps and protocols applied in this study can be summarized into the following
workflow:

1. Select target group for study
2. Collect required specimens/samples (via field work or other applicable
repositories of biological material such as museums or herbaria)
3. Perform morphological analysis and identification of samples to ensure correct
initial identification
4. If applicable, store corresponding voucher specimens for all samples at
appropriate institution
5. Look into whether or not there are applicable barcoding protocols to follow to
obtain DNA barcode sequences from the collected specimens
6. Extract DNA and perform amplification of the mitochondrial coxl gene of the
samples (based on standardized protocols if applicable)
7. Sequence the extracted and amplified DNA samples (send to sequencing
institution or perform sequencing at own lab facilities)
8. Perform sequence editing and analyses
e Manual sequence editing (applicable mainly when bidirectional
sequencing is used) to consolidate required information from obtained
sequence records
e Sequence alignment to arrange and prepare sequence records for
similarity analyses
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e Run BLAST queries for retrieved sequences against online databases (for
example GenBank or CBOL) to verify morphological sequence
identification based on finding the closest matching reference record to
each sequence

e Calculate interspecific and intraspecific divergences for sequences

9. Publication of sequence records and corresponding identification in applicable
database

The following workflow from sample collection to publication of sequence record
established during the first month of the project was hence established to support
research at UM as a handbook for DNA barcoding of fishes.

1. Select target group for
study

9. Publication of
sequence records and 2. Collect required
corresponding specimens/samples
identification

3. Perform
morphological analysis
and identification

8. Sequence editing and
analyses

7. Sequencing of 4. Store corresponding
amplified DNA samples voucher specimens

5. Look into whether or

6. Extract DNA and not there are applicable

perform amplification barcoding protocols to
follow

Figure 10 Workflow for DNA barcoding at UM
4.2 Applying framework for species identification of freshwater fish

4.2.1 Sample collection and amplification success

The selection rules established in the initiation of this study (target collection of five (5)
fish samples common to the area from at least 15 different species) are general and were
not established to support investigation of for example known taxonomic issues or to
support other research initiatives ongoing within species from the region. The selection
rules were also not adhered to fully during collection and samples were mainly selected
based on availability. This was discussed frequently and the research team at UM in
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Malaysia were aware of these aspects but established that the goal of this project was
never to evaluate DNA barcoding as a tool for addressing known taxonomic issues in
Malaysia, the goal was mainly to evaluate suitability of established protocols as tools
for species identification and to set up a framework for further work with DNA
barcoding at UM.

The application of universal fish primers for the coxl fish gene resulted in successful
amplification in most cases and the results from DNA extraction shows that qualitative
barcode sequences can be extracted from fish tissue using the suggested extraction
protocols. The methods used could potentially be more time consuming, compared to
for example silica-based methods for DNA extraction. Due to previous success at UM
using this protocol and the availability of the equipment required at UM this was still
assessed to be the most efficient method at the time. These results strengthens the
argument that standardized methods to support quick and efficient methods for species
identification helps provide time efficient tools allowing researchers to focus on the
larger objectives of their studies rather than spending time on testing different methods
for amplification and other steps in the process of retrieving DNA sequences for
analysis.

PCR amplification failure (only 70% of samples amplified successfully) for some of the
samples may be due to degradation of the DNA caused by inaccurate handling of the
samples during collection. The environment on the boats during collection did not
always allow for ideal conditions for managing DNA. The air temperature where
samples were kept between collection of the specimen and tissue sampling, albeit on ice
but not frozen, was always somewhere between 30°C and 33°C which are unideal
thermal conditions and increases the risk of degradation of the DNA [45]. Other reasons
for PCR amplification failure could be that samples were drying at too high
temperatures during DNA extraction or that the storage of tissue samples in alcohol for
too long time periods in warm temperatures has caused quicker molecular
modifications, both resulting in degradation of the DNA. Testing additional PCR cycles
could also be an option in order to increase PCR amplification success.

The actual tissue sampling from the specimens was also carried out on the boat under
fairly inconvenient circumstances, i.e. many people working within the same physical
area and time pressure to finalize the tissue sampling, which potentially has increased
the risks of manipulation of specimens leading to errors such as mislabelling or cross-
contamination of DNA. The identification error identified for sample CV15, was
morphologically identified as Pomadasys argenteus but GenBank results indicates that
this fish specimen was rather more likely to belong to the species Pomadasys kaakan, is
likely caused by a mislabelling error during trawls but could also be caused by
inaccurate morphological identification post sampling due to uncertainty of the
specimen taxonomy. Relying too heavily on the result of GenBank analysis is also a
risk. Sequences submitted to GenBank contain similar elements of inaccuracy in terms
of errors related to species identification, mislabelling etc. as the sequences used for
comparison in this study. GenBank results should hence not be considered to reflect the
absolute truth. In this particular case for example the Genbank results showed high
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similarity to both the species Pomadasys kaakan and Pomadasys hasta, which
strengthens the argument that GenBank results should be taken into analyses as support
but not as a tool providing 100% accurate match results. Keeping voucher specimen at
an appropriate institution for validation purposes as highlighted by Seberg in 2003 [46]
and his colleagues is now common practice in DNA barcoding. In this project all
vouchers were labelled and are kept at the UM internal museum. If additional errors are
identified during future work with these samples or on this set of data others can also go
back and validate the accuracy or inaccuracy of morphological identifications made.

4.2.2 Individual and between sequence analyses

Key is to initially highlight that the number of sequences retrieved and later applied for
sequences analyses are too few and cannot provide statistically significant results. The
analysis results are only indicative and can mainly be used to create an initial
understanding and support further more detailed analyses at UM of genetic variation in
freshwater fish. The results of this study however indicate that the interspecific
divergences calculated are clearly greater than intraspecific variations within the sample
group of this study, i.e. a barcode gap seems to exist. These results hence support that
COI sequences as barcodes could be effective for rapid identification of freshwater
fishes as DNA barcoding only becomes effective as a tool for species identification if a
clear barcode gap can be identified.

Mallet and Willmot [47] highlights that DNA barcoding is challenging to apply as
method for species identification between groups of closely related organisms, this
since there will be very small difference in terms of variation between sequences of
closely related organisms. Discrimination accuracy when using distance-based methods
for species differentiation such as those used with DNA barcoding will be unreliable
when sequence differences are too small. Interspecific divergences calculated herein are
clearly greater than intraspecific variations within the sample group of this study even
between specimens from the same order (calculated as 22,26% between sample D10
and D13, C15, D15 respectively) which contradicts the challenges identified by Mallet
and Willmot [47].

In 2003 Lipscomb et al. [48] also published an article focusing on the problems of
aligning sequences of different length. There have been improvements in this area but
manual editing of sequence records as applied in this study is still the most common
way of preparing sequences for comparing unknown sequence records to reference
sequences. Manual trimming increases the risk of inaccurate management of sequences
leading to inaccurate result. The sequence comparison results outlined above should
take errors caused by manual trimming into account in any future analysis. None of
these sequences contain indels or stop codons post trimming and this supports the fact
that the amplified sequences constitute functional genes and variation is hence most
likely not a result of the presence of indels.

As mentioned earlier in this thesis, the coxl gene is widely used to serve as a DNA
barcode for differentiation within in all animals and has successfully served as a
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barcode in many different phylogenetic studies involving fish. This implies that the
chances of finding high-scoring sequence matches in reference libraries, such as
GenBank, are high. However, always taking into account that GenBank sequences
contain same risk of including errors as the samples used for analysis. GenBank built in
tools for sequence comparisons, in this case BLAST, are however not specifically
implemented to be applied for DNA barcoding analyse and many of the barcode
sequences submitted in GenBank are not of suitable length, i.e. approximately 648bp in
length, to facilitate large-scale standardization of DNA barcoding [49]. This could
complicate and reduce potential success of DNA barcoding analyses. In this study we
found matches with low E-values 0,00 and average similarity score of 90% for 88% of
all sequences retrieved which however strengthens the arguments for using coxl genes
as barcodes in studies involving freshwater fish as it seems to rather facilitate rapid and
easy identification of the retrieved sequences.

DNA barcoding as a method must also consider potential impacts to results as a result
of differences in actual definitions of a “species”. There are many different definitions
in place and so far none has been universally accepted. It is therefore important to point
out that DNA barcoding does not seek to find a species definition it just uses sequence
divergence as a tool for identification of groups that have similar and correlated
sequences and can be identified as species. Others also highlight that it is
sensationalistic to say that DNA barcoding can progress taxonomy, it is not supporting
the taxonomists themselves it is only an additional tool for industries and governments
to make species identification more efficient [52]. The result of this thesis could
however provide a good start for researchers at UM to start build a reference library of
barcode sequences from freshwater fishes.
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7 Appendices

Appendix A — Sequences per sample based on four bidirectional primers

>1st_BASE_384239_P_C5_FISH_F1
NNNNNNNTGNTGNNGNTGCTGANNNGAATAGTAGGAACCGCCCTTAGCCTGCTAATTCGGGCAGAATTAGCCCAACCCGGCGCCCTTC
TAGGCGATGATCAAATCTATAACGTTATCGTTACCGCCCACGCTTTCGTAATAATTTTCTTTATAGTGATACCAATCATAATTGGAGGCT
TTGGAAATTGACTTGTCCCCCTAATAATTGGAGCCCCCGACATGGCCTTCCCCCGAATAAATAATATGAGCTTCTGGCTCCTTCCCCCAT
CCTTCCTACTTCTCCTTGCTTCATCAGGAGTTGAAGCAGGGGCGGGAACAGGATGAACTGTATATCCACCCCTTGCTGGGAATCTCGCA
CACGCAGGAGCTTCCGTAGACCTTACTATTTTCTCCCTCCACCTAGCAGGAGTCTCATCAATTCTGGGGGCCATCAACTTCATCACAACT
ATCATTAATATGAAACCTCCAGCTATCTCACAATATCAAACACCTCTATTTGTTTGAGCCATTCTAATTACTGCCGTACTTTTACTTCTCT
CCCTCCCAGTTCTTGCTGCCGGCATCACTATACTATTAACAGACCGAAATCTTAACACCACTTTCTTTGACCCCGCAGGAGGGGGAGAC
CCAATCCTTTACCAACATCTCTTCTGATTCTTTGGCCACCCAGAAAGTCTAA

>1st_BASE_384240_P_C5_FISH_R1
GNNNNNNNNNNNNNANNNNNGGTNTCCCCCTCCTGCGGGGTCAAAGAAAGTGGTGTTAAGATTTCGGTCTGTTAATAGTATAGTGATG
CCGGCAGCAAGAACTGGGAGGGAGAGAAGTAAAAGTACGGCAGTAATTAGAATGGCTCAAACAAATAGAGGTGTTTGATATTGTGAG
ATAGCTGGAGGTTTCATATTAATGATAGTTGTGATGAAGTTGATGGCCCCCAGAATTGATGAGACTCCTGCTAGGTGGAGGGAGAAAA
TAGTAAGGTCTACGGAAGCTCCTGCGTGTGCGAGATTCCCAGCAAGGGGTGGATATACAGTTCATCCTGTTCCCGCCCCTGCTTCAACT
CCTGATGAAGCAAGGAGAAGTAGGAAGGATGGGGGAAGGAGCCAGAAGCTCATATTATTTATTCGGGGGAAGGCCATGTCGGGGGCT
CCAATTATTAGGGGGACAAGTCAATTTCCAAAGCCTCCAATTATGATTGGTATCACTATAAAGAAAATTATTACGAAAGCGTGGGCGG
TAAGATAACGTTATAGATTTGATCATCGCCTAGAAGGGCGCCGGGTTGGGCTAATTCTGCCCGAATTAGCAGGCTAAGGGCGGTTCCA
ACTATTCCGGCTCAGGCACCAAATACTAGGTAGAGGGTGCCAATGTCTTTGTGGTTTGGTTGAA

>1st_ BASE_384241_P_C5_FISH_F2
NNNNNNNGGGGGGGGNNNCNNNANNNCCCCGANNAAGAGGGTGGTTTAAGGTAAATATGGGGACCTCATTTGTCTGAGCNTNGNTTT
AAAAATAAAAGNNAAGAGAGCCATGATAGCCNTTGNCCAAATGAGAAGGTAAAANTAACGCAGGGGTATGCCTATGAATTTTGNTTG
ACNNGGACNAAAAAGATGGNNGAATTTTNNAGCGNCCGATCCGTTATTACCTAGAATCAATAAAGGGNNCTGCCGACAAAAAGACAA
ATTGATCCTTCTGCTTGTTCCCTCCCCCCGGGTAGAAGGGGAGGCAGGAANGGNTGAACCGGTCATCGCCAAGTCGNGGAAAGGGACG
ACGCAGGNAGAAGTGGAAAAACTAAGAACTNCTACAAAAGAAGGGAACCCCCTTTCCTGGGGCCAATTTTTACTTACCACCGTCAATA
ACAAGAAACCCCAGGCCAATCCCATCACCATATATAATTATTACACTGACCCGTGCACTACAACGAGAATAATACATCATCGCTCGCG
CCCCAATTTAAGCCGCCGGACGCCCGATGCTCCCCACAAACCGAAATCTTNNTTCNN

>1st_BASE_384242_P_C5_FISH_R2
NNNNNNNGGNNNNNNNNNNNNNNNCTCCNCNNTCNTGCGGGGTCAAAGAAAGTGGTGTTAAGATTTCGGTCTGTTAATAGTATAGTG
ATGCCGGCAGCAAGAACTGGGAGGGAGAGAAGTAAAAGTACGGCAGTAATTAGAATGGCTCAAACAAATAGAGGTGTTTGATATTGT
GAGATAGCTGGAGGTTTCATATTAATGATAGTTGTGATGAAGTTGATGGCCCCCAGAATTGATGAGACTCCTGCTAGGTGGAGGGAGA
AAATAGTAAGGTCTACGGAAGCTCCTGCGTGTGCGAGATTCCCAGCAAGGGGTGGATATACAGTTCATCCTGTTCCCGCCCCTGCTTCA
ACTCCTGATGAAGCAAGGAGAAGTAGGAAGGATGGGGGAAGGAGCCAGAAGCTCATATTATTTATTCGGGGGAAGGCCATGTCGGGG
GCTCCAATTATTAGGGGGACAAGTCAATTTCCAAAGCCTCCAATTATGATTGGTATCACTATAAAGAAAATTATTACGAAAGCGTGGGC
GGTAACGATAACGTTATAGATTTGATCATCGCCTAGAAGGGCGCCGGGTTGGGCTAATTCTGCCCGAATTAGCAGGCTAAGGGCGGTT
CCAACTATTCCGGCTCAGGCACCAAATACTAGGTAGAGGGTGCCAATGTCTTTGTGGTTTGGTTGAA

>1st_BASE_384243_P_C6_FISH_F1
NNNNNNCNNNNNTNGGTGTCTNNNNNNNNNNTNNNTNGNGNCCNCCCATTAAGCCTGNTAATTCGGGCAGAATTAGCCCAACCCGGC
GCCCTTCTAGGCGATGATCAAATCTATAACGTTATCGTTACCGCCCACGCTTTCGTAATAATTTTCTTTATAGTGATACCAATCATAATT
GGAGGCTTTGGAAATTGACTTGTCCCCCTAATAATTGGAGCCCCCGACATGGCCTTCCCCCGAATAAATAATATGAGCTTCTGGCTCCT
TCCCCCATCCTTCCTACTTCTCCTTGCTTCATCAGGAGTTGAAGCAGGGGCGGGAACAGGATGAACTGTATATCCACCCCTTGCTGGGA
ATCTCGCACACGCAGGAGCTTCCGTAGACCTTACTATTTTCTCCCTCCACCTAGCAGGAGTCTCATCAATTCTGGGGGCCATCAACTTCA
TCACAACTATCATTAATATGAAACCTCCAGCTATCTCACAATATCAAACACCTCTATTTGTTTGAGCCATTCTAATTACTGCCGTACTTT
TACTTCTCTCCCTCCCAGTTCTTGCTGCCGGCATCACTATACTATTAACAGACCGAAATCTTAACACCACTTTCTTTGACCCCGCAGGAG
GGGGAGACCCAATCCTTTACCAACATCTCTTCTGATTCTTTGGCCACNNNNAAGTCTAAA

>1st_BASE_384244_P_C6_FISH_R1
NNNNNNNNNNNNNANTGNNNGNGNNCTANGNGTNCCATGCGCNGTCAAAGTNAAGTTGNNGTTAAGATTTCGGTCTGTTAATAGTAT
AGTGATGCCGGCAGCAAGAACTGGGAGGGAGAGAAGTAAAAGTACGGCAGTAATTAGAATGGCTCAAACAAATAGAGGTGTTTGATA
TTGTGAGATAGCTGGAGGTTTCATATTAATGATAGTTGTGATGAAGTTGATGGCCCCCAGAATTGATGAGACTCCTGCTAGGTGGAGGG
AGAAAATAGTAAGGTCTACGGAAGCTCCTGCGTGTGCGAGATTCCCAGCAAGGGGTGGATATACAGTTCATCCTGTTCCCGCCCCTGCT
TCAACTCCTGATGAAGCAAGGAGAAGTAGGAAGGATGGGGGAAGGAGCCAGAAGCTCATATTATTTATTCGGGGGAAGGCCATGTCG
GGGGCTCCAATTATTAGGGGGACAAGTCAATTTCCAAAGCCTCCAATTATGATTGGTATCACTATAAAGAAAATTATTACGAAAGCGT
GGGCGGTAACGATAACGTTATAGATTTGATCATCGCCTAGAAGGGCGCCGGGTTGGGCTAATTCTGCCCGAATTAGCAGGCTAAGGGC
GGTTCCAACTATTCCGGCTCAGGCACCAAATACTAGGTAGAGGGTGCCAATGTCTTTNGNTTTGGTTGAA
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>1st_BASE_384245_P_C6_FISH_F2
NNNNNNNGNGNNNNGACATANNNNNNNACACCCTNCCCNNTGANNNNTAGTAGTNNAGGATCCGCTGGGGTGNGNGAATTCTCGTTG
ATNGACCTNNCCNTTNNCTCTTAGNTCTTNNCNNGNNGNAATTAGNCTCCAATCCTCGTACGACGCATTCTTAGGGCGTATACATCGAG
NAGTCTTATAAGCGNAGTAGTCGTTATATACGAGGCANCGAGCGTTCTCGNTAATAAATNTTGTCGGTTTTTTTTTTTNCCCCCCCGCAA
GTGCTAATAATTGCGAGGGCTTTTTGTTTTTNAATTGNAGCATTGANTCGCCCCATAAGTAAGTAGNGAGAGNAAACCACCGANNNNG
ATATGGTGCGCGTTGGTANCGACTCGCGATTAGTACATCAGAGACTNNAGTGANTGAGTAGATNNTGTCNCTGNGNCNNTCGCGTNTA
CCGCACCAAACTCACGTTNCGGCAATAAAACNNTTNCGNTGCGGCGGTGTGGAGNNTAANTANCTAAGANCGAAAATGGGTGGGATA
GATGCTCATGAGGACATAAGATCAACATGNNGNGCCTGCNGCCGCTGCGCNANANNANNCNANATGAGTGTTCANNTNGAANATNAN
CAATGCGTGGTGACTNANGTGANTNNNNCNNANNANNNCGGGCAGCNNNNTGATTTGANTCACGGNNAAAAANNNNGNCGANAAAT
ANTTGCNGGTTNGANGANGCCGANNCNNNANNNCTTGATCANTNACCNATTNNNANNNNNNNNACTNCCTTACCGCCANCNGNNNNN
NCGGANNNAAANNCGAACGNTTNNNATGGGAGANNCNTNNTTNNNNNNTNNNTNATTTGACTTNAACNNNNNNNCCNNNNGNCNNN
NNNNNNNGGGANCNGGNNANNNNGGNNNCGGNNNTNGNNNNNGGGGNNTTATNANNNNNNANNNNNNNGTTNNNNNNNNNNNNNN
NN

>1st_BASE_384246_P_C6_FISH_R2
GNNNNGGNANNNTGNGTNTNNNCCTNCTGCGGGGTCAAGAAAGTGGTGTTAAGATTTCGGTCTGTTAATAGTATAGTGATGCCGGCAG
CAAGAACTGGGAGGGAGAGAAGTAAAAGTACGGCAGTAATTAGAATGGCTCAAACAAATAGAGGTGTTTGATATTGTGAGATAGCTG
GAGGTTTCATATTAATGATAGTTGTGATGAAGTTGATGGCCCCCAGAATTGATGAGACTCCTGCTAGGTGGAGGGAGAAAATAGTAAG
GTCTACGGAAGCTCCTGCGTGTGCGAGATTCCCAGCAAGGGGTGGATATACAGTTCATCCTGTTCCCGCCCCTGCTTCAACTCCTGATG
AAGCAAGGAGAAGTAGGAAGGATGGGGGAAGGAGCCAGAAGCTCATATTATTTATTCGGGGGAAGGCCATGTCGGGGGCTCCAATTA
TTAGGGGGACAAGTCAATTTCCAAAGCCTCCAATTATGATTGGTATCACTATAAAGAAAATTATTACGAAAGCGTGGGCGGTAACGAT
AACGTTATAGATTTGATCATCGCCTAGAAGGGCGCCGGGTTGGGCTAATTCTGCCCGAATTAGCAGGCTAAGGGCGGTTCCAACTATTC
CGGCTCAGGCACCAAATACTAGGTAGAGGGTGCCAATGTCTTTGTGGTTTGGTTGAA

>1st_ BASE_384247_P_C15_FISH_F1
NNNNNCNGNGGTCTGNAGCTGGAATANGTAGGCACGGCCCTAAGTCTCCTTATCCGTAGCAGAACTTAGTCAACCCGGCGCCCTTCTC
GGAGACGACCAAATTTATAATGTTATCGTCACTGCACACGCCTTCGTAATAATTTTCTTTATAGTAATGCCCATCCTAATCGGCGGCTTC
GGAAACTGACTCGTGCCCCTAATGATTGGAGCCCCCGATATAGCATTCCCTCGAATAAATAATATGAGCTTCTGACTCCTCCCCCCCTC
TTTCCTTCTCCTCCTTGCCTCCTCAGGAGTTGAAGCCGGGGCCGGTACCGGATGAACAGTATACCCCCCTCTAGCCGGAAACCTAGCCC
ACGCAGGGGCATCCGTCGACCTAACAATTTTCTCTCTCCACCTAGCAGGCGTCTCCTCAATTCTTGGAGCAATTAACTTCATCACAACA
ATCATTAACATAAAACCCCCCGCTATCTCCCAATATCAAACCCCTCTCTTCGTCTGATCCGTCCTAGTAACCGCCGTTCTCCTCTTACTCT
CACTCCCAGTTCTTGCCGCCGGCATTACAATACTTCTTACAGATCGAAACTTAAACACCACCTTCTTCGACCCCGCCGGAGGAGGTGAC
CCAATCCTGTATCAACACCTTTTCTGATTCTTCGGNCCCCNNGGAAGTANN

>1st_BASE_384248_P_C15_FISH_R1
NNNNTNNNCAGNNNTGGGTCACCTCCTCCGGCGGGGTCGAAGAAGGTGGTGTTTAAGTTTCGATCTGTAAGAAGTATTGTAATGCCGG
CGGCAAGAACTGGGAGTGAGAGTAAGAGGAGAACGGCGGTTACTAGGACGGATCAGACGAAGAGAGGGGTTTGATATTGGGAGATA
GCGGGGGGTTTTATGTTAATGATTGTTGTGATGAAGTTAATTGCTCCAAGAATTGAGGAGACGCCTGCTAGGTGGAGAGAGAAAATTG
TTAGGTCGACGGATGCCCCTGCGTGGGCTAGGTTTCCGGCTAGAGGGGGGTATACTGTTCATCCGGTACCGGCCCCGGCTTCAACTCCT
GAGGAGGCAAGGAGGAGAAGGAAAGAGGGGGGGAGGAGTCAGAAGCTCATATTATTTATTCGAGGGAATGCTATATCGGGGGCTCCA
ATCATTAGGGGCACGAGTCAGTTTCCGAAGCCGCCGATTAGGATGGGCATTACTATAAAGAAAATTATTACGAAGGCGTGTGCAGTGA
CGATAACATTATAAATTTGGTCGTCTCCGAGAAGGGCGCCGGGTTGACTAAGTTCTGCTCGGATAAGGAGGCTTAGGGCTGTGCCTACC
ATTCCAGCTCAGGCACCAAATACTAAATAAAGGGTGCCAATGTCTTTNGGTT

>1st_BASE_384249_P_C15_FISH_F2
NNNGNNNGCTGCAGCTGGNATGGTGAGGCACAGCCCTAAGCCTCCTTATCCGAGCAGAACTTAGTCAACCCGGCGCCCTTCTCGGAGA
CGACCAAATTTATAATGTTATCGTCACTGCACACGCCTTCGTAATAATTTTCTTTATAGTAATGCCCATCCTAATCGGCGGCTTCGGAAA
CTGACTCGTGCCCCTAATGATTGGAGCCCCCGATATAGCATTCCCTCGAATAAATAATATGAGCTTCTGACTCCTCCCCCCCTCTTTCCT
TCTCCTCCTTGCCTCCTCAGGAGTTGAAGCCGGGGCCGGTACCGGATGAACAGTATACCCCCCTCTAGCCGGAAACCTAGCCCACGCAG
GGGCATCCGTCGACCTAACAATTTTCTCTCTCCACCTAGCAGGCGTCTCCTCAATTCTTGGAGCAATTAACTTCATCACAACAATCATTA
ACATAAAACCCCCCGCTATCTCCCAATATCAAACCCCTCTCTTCGTCTGATCCGTCCTAGTAACCGCCGTTCTCCTCTTACTCTCACTCCC
AGTTCTTGCCGCCGGCATTACAATACTTCTTACAGATCGAAACTTAAACACCACCTTCTTCGACCCCGCCGGAGGAGGTGACCCAATCC
TGTATCAACACCTTTTCTGATTCTTCGGTCCCCCTGAAAGTAAAAA

>1st_BASE_384250_P_C15_FISH_R2
NNNNNNTNNNNNNATGGGTCACCTCCTCCGGCGGGGTCGAAGAAGGTGGTGTTTAAGTTTCGATCTGTAAGAAGTATTGTAATGCCGG
CGGCAAGAACTGGGAGTGAGAGTAAGAGGAGAACGGCGGTTACTAGGACGGATCAGACGAAGAGAGGGGTTTGATATTGGGAGATA
GCGGGGGGTTTTATGTTAATGATTGTTGTGATGAAGTTAATTGCTCCAAGAATTGAGGAGACGCCTGCTAGGTGGAGAGAGAAAATTG
TTAGGTCGACGGATGCCCCTGCGTGGGCTAGGTTTCCGGCTAGAGGGGGGTATACTGTTCATCCGGTACCGGCCCCGGCTTCAACTCCT
GAGGAGGCAAGGAGGAGAAGGAAAGAGGGGGGGAGGAGTCAGAAGCTCATATTATTTATTCGAGGGAATGCTATATCGGGGGCTCCA
ATCATTAGGGGCACGAGTCAGTTTCCGAAGCCGCCGATTAGGATGGGCATTACTATAAAGAAAATTATTACGAAGGCGTGTGCAGTGA
CGATAACATTATAAATTTGGTCGTCTCCGAGAAGGGCGCCGGGTTGACTAAGTTCTGCTCGGATAAGGAGGCTTAGGGCTGTGCCTACC
ATTCCAGCTCAGGCACCAAATACTAAATAAAGGGTGCCAATGTCTTTNTGN

>1st_BASE_384259_P_D7_FISH_F1
NNNNNNNCNTGNANNGCAATAGTTGGCGCCGCACTCAGCCTATTACTACGCACAGAACTTTCACAACCTGGCCCCTTTCTTGGAAATG
ATCAAATCTATAACGTTGTTGTAACAGCCCACGCATTTGTAATAATCTTCTTCATGGTCATACCCATTATAATCGGCGGTTTCGGAAACT
GGCTCATTCCTTTAATAATTGGTGCCCCAGACATAGCATTCCCACGAATAAATAATATAAGCTTCTGACTTCTCCCACCATCATTCTTTC
TTCTCCTAGCTTCATCAACAGTAGAAGCAGGGGCGGGAACCGGATGAACCATCTATCCTCCACTAGCTAACAACATTGCACATGCAGG
TGCCTCCGTAGACCTGACAATCTTTTCACTTCACCTAGCTGGTGTCTCATCAATCCTTGGTGCTATTAACTTCATCACAACAATTATTAA
CATAAAACCAAAAGCCTCCACACAATACCAAACCCCTCTTTTTATCTGAGCACTAATAATCACAGCAGTTCTTCTGCTTCTATCTTTACC
AGTCCTTGCCGCCGGAATCACGATACTACTAACAGACCGTAACCTGAACACAACATTCTTTGACCCTGGAGGGGGAGGAGACCCCATC
CTATTTCAACACCTCTTTTGATTCTTTGGCNNNNNAAAAGTCTAAA
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>1st_BASE_384260_P_D7_FISH_R1
NNNNNNNNNTGNNNNNNGNNNGGNGTCTCCTCCCNTCCNGNNNCAAAGAATGTTGTGTTCAGGTTACGGTCTGTTAGTAGTATCGTGA
TTCCGGCGGCAAGGACTGGTAAAGATAGAAGCAGAAGAACTGCTGTGATTATTAGTGCTCAGATAAAAAGAGGGGTTTGGTATTGTGT
GGAGGCTTTTGGTTTTATGTTAATAATTGTTGTGATGAAGTTAATAGCACCAAGGATTGATGAGACACCAGCTAGGTGAAGTGAAAAG
ATTGTCAGGTCTACGGAGGCACCTGCATGTGCAATGTTGTTAGCTAGTGGAGGATAGATGGTTCATCCGGTTCCCGCCCCTGCTTCTAC
TGTTGATGAAGCTAGGAGAAGAAAGAATGATGGTGGGAGAAGTCAGAAGCTTATATTATTTATTCGTGGGAATGCTATGTCTGGGGCA
CCAATTATTAAAGGAATGAGCCAGTTTCCGAAACCGCCGATTATAATGGGTATGACCATGAAGAAGATTATTACAAATGCGTGGGCTG
TTACAACAACGTTATAGATTTGATCATTTCCAAGAAAGGGGCCAGGTTGTGAAAGTTCTGTGCGTAGTAATAGGCTGAGTGCGGCGCC
AACTATTGCGGTTCATGTACCAAATACAAAGTATAAGGTGCCAATGTCTTTGGNNTTTNGGGTANAA

>1st_BASE_384261_P_D7_FISH_F2
NNNNANNNACNNAACCCCCCNCCCCCNNGAGTNANCCNNTCCCNNNCNGNAATTTTCTCCCCTTGACTACCGTCCTTNNCTTCATAAA

ATTTGTTTGCTTTAATGCCGNTTTGAAACTTTGGCCACCTAGATGTCAAAGT TTAACAGCCTGCTTTATTTTAATGGTCTGGTTGGTGAT

CATCCCAATAATAGTCGGGGTTGGGGAAAGCGGCCTTATTCTTTTAAAAAAATGGCGCCCAAAAAATAGTCTCCCCACCAAAAAATAT

TAAATCCTCCCCTCTCCCCCCACCATCTTTTTTTCGGCTGGAAACTTCACAAGAAGAAAAAGGCGGGGCGAAAACATAAAGAACCATCT
GTCCGCCACTACATAACAGTTTGGAGAATGCCGGCTCCCCCTAAGGGTTAAGAATCTTTCCACAGCTCGGGGGGGGGTCACCACCGGA

ACTGGGCAATATCACCACCCCCCCACCAATAATGAAATAACCATCAACATCAGTAAAAAAAAAAAATCCGCCTTTTTTAACAACATCA

ATATTTGGAACACTTCTGCTGGAGNACAGTGTTGGCTTAGTTAAAGACGGATGAAGAGGAATAAGGCTGACCCAGCTAGAGCTGGAAG
ACGCAATTAATACCCAATAAAAGGGTGCAAAAGTCTATTGTTTTTTTTGACTGAAAAATCAAATNTAAAAAAAT

>1st_BASE_384262_P_D7_FISH_R2
CNNANNTNGANNAANTTNTNGNNNGTCGTGACGATTCAGTTCANTCTCACTTNNNTCCGTCTGGGTGGGCGTTTNCNGGGAGGNACCA
NNCTNGTNTGGGGGTTTCCGGNGCGCGGATTTAAAATNTTTGGNTTTTTGGCGCCAAAAATAAAAAAGTTGGTTTGGTTTTGTGTGGAG
GCTTTTGGTTTTATGTTAATAATTGTTGTGATGAAGTTAATAGCACCAAGGATTGATGAGACACCAGCTAGGTGAAGTGAAAAGATTGT
CAGGTCTACGGAGGCACCTGCATGTGCAATGTTGTTAGCTAGTGGAGGATAGATGGTTCATCCGGTTCCCGCCCCTGCTTCTACTGTTG
ATGAAGCTAGGAGAAGAAAGAATGATGGTGGGAGAAGTCAGAAGCTTATATTATTTATTCGTGGGAATGCTATGTCTGGGGCACCAAT
TATTAAAGGAATGAGCCAGTTTCCGAAACCGCCGATTATAATGGGTATGACCATGAAGAAGATTATTACAAATGCGTGGGCTGTTACA
ACAACGTTATAGATTTGATCATTTCCAANAAAGGGGCCAGGTTGTGAAAGTTCTGTGCGTAGTAATAGGCTGAGTGCGGCGCCAACTA
TTGCGGTTCATGTACCAAATACAAAGGTATAAAGGGGCCAATGTCTTTGTGGTTGGTTGAAGNN

>1st_BASE_384235_P_D8 FISH_F1
NNNNNNNNNNNNNNGNNNNNTGNAGNCCANNNTACNNTGGCGCCGCACTCAGCCTACTACTACGCACAGAACTTTCACAACCTGGCC

CCTTTCTTGGAAATGATCAAATCTATAACGTTGTTGTAACAGCCCACGCATTTGTAATAATCTTCTTCATGGTCATACCCATTATAATCG

GCGGTTTCGGAAACTGACTCATTCCTTTAATAATTGGTGCCCCAGACATAGCATTCCCACGAATAAATAATATAAGCTTCTGACTTCTCC
CACCATCATTCTTTCTTCTCCTAGCTTCATCAACAGTAGAAGCAGGGGCTGGAACTGGATGAACCATCTATCCTCCACTAGCTAACAAC

ATTGCACATGCAGGTGCCTCCGTAGACCTGACAATCTTTTCACTTCACCTAGCTGGTGTCTCATCAATCCTTGGTGCTATTAACTTCATC

ACAACAATTATTAACATAAAACCAAAAGCCTCCACACAATACCAAACCCCTCTTTTTATCTGAGCACTAATAATCACAGCAGTTCTTCT

GCTTCTATCTTTACCAGTCCTTGCCGCCGGAATCACGATACTACTAACAGACCGTAACCTGAACACAACATTCTTTGACCCTGGAGGGG

GAGGAGACCCCATCCTATTTCAACACCTCTTTTGATTCTTTGGCCACNNNAAAGTCTAA

>1st_BASE_384236_P_D8_FISH_R1
ANNNNNNNNNAANNGGANGGGGTCTCCTCCCCTCCAGGGTCAAAGAATGTTGTGTTCAGGTTACGGTCTGTTAGTAGTATCGTGATTC
CGGCGGCAAGGACTGGTAAAGATAGAAGCAGAAGAACTGCTGTGATTATTAGTGCTCAGATAAAAAGAGGGGTTTGGTATTGTGTGGA
GGCTTTTGGTTTTATGTTAATAATTGTTGTGATGAAGTTAATAGCACCAAGGATTGATGAGACACCAGCTAGGTGAAGTGAAAAGATTG
TCAGGTCTACGGAGGCACCTGCATGTGCAATGTTGTTAGCTAGTGGAGGATAGATGGTTCATCCAGTTCCAGCCCCTGCTTCTACTGTT
GATGAAGCTAGGAGAAGAAAGAATGATGGTGGGAGAAGTCAGAAGCTTATATTATTTATTCGTGGGAATGCTATGTCTGGGGCACCAA
TTATTAAAGGAATGAGTCAGTTTCCGAAACCGCCGATTATAATGGGTATGACCATGAAGAAGATTATTACAAATGCGTGGGCTGTTAC
AACAACGTTATAGATTTGATCATTTCCAAGAAAGGGGCCAGGTTGTGAAAGTTCTGTGCGTAGTAGTAGGCTGAGTGCGGCGCCAACT
ATTGCGGCTCATGTACCAAATACAAGGTATAAGGTGCCAATGTCTTTGN

>1st_BASE_384237_P_D8 FISH_F2
NNNNNNTGGGTNCCTAAANAACCCCCCCCCATTGGAAAGGAGGGGACGCTACTACGCGCGGAACTGTCACAGCCTGNCTTNNTCNNG
GAAATGATCAAATGGATAACTTTGTGGTAACACCCCACTCTTTTGTAATAATCTTCTTCATGGCCATACCCATTATAATCGGCGGTTTCN
GAACCTGACTCATTCCTTTAATAATTGGAGCCCCATACATCCCATTCCCACTGATACACCATATAAGCTTCTGACTTCTCCCACCATCAT
TCTTTCTTCTCCTATCTTCATCAAAATTATAATCAGGGGCGGGAACTGGATGAACCATCTATCCTCCCCTACTTAACAACATTGCAAATC
CAGGAGACTAAAAAAACCTGGACAATATTAGCACTTCCCCTAACTGGGGACTCATCAATCCTTGGGGCTATTAACTTCATCACAACAAT
TATTAACTTAAAACCCAAACCCCCCCACATTATAACAAACCCCACCTTTTTATAAGAATAATAAAAATCATGGTACTACTTCAAACAAC
CTATCNTTATTCGTTCTTGCCAGCAAAGGGACCAGCTGGTTAAAGAACGGTGAAAGNAAAAGATTGAGTGAGGCGCCCAAAAGGGGG
GGAAAACTCCATTTTATAAGGAACANTACGGATGATCTTGGCATTAGTTNTAAAAAAAATAANAAAN

>1st_BASE_384238_P_D8_FISH_R2
NNNNNTGNANNGNNNGCTNNGGNCTGTCTACATGCTTGNGCATGTCATTTCCCAAGTTTTTAGCATGTTGAAAATTTCGGGGGTGAATG
CAATTGATGTGCACATCCAAGGGGGCCAGGGTTNTCGTTTTTTTGATTTTGTCGCCCGNAATAAAAGAGGGGTTTGGTATTGTGTGGAG
GCTTTTGGTTTTATGTTAATAATTGTTGTGATGAAGTTAATAGCACCAAGGATTGATGAGACACCAGCTAGGTGAAGTGAAAAGATTGT
CAGGTCTACGGAGGCACCTGCATGTGCAATGTTGTTAGCTAGTGGAGGATAGATGGTTCATCCAGTTCCAGCCCCTGCTTCTACTGTTG
ATGAAGCTAGGAGAAGAAAGAATGATGGTGGGAGAAGTCAGAAGCTTATATTATTTATTCGTGGGAATGCTATGTCTGGGGCACCAAT
TATTAAAGGAATGAGTCAGTTTCCGAAACCGCCGATTATAATGGGTATGACCATGAAGAAGATTATTACAAATGCGTGGGCTGTTACA
ACAACGTTATAGATTTGATCATTTCCAAGAAAGGGGCCAGGTTGTGAAAGTTCTGTGCGTAGTAGTAGGCTGAGTGCGGCGCCAACTA
TTGCGGCTCATGTACCAAATACAAGGTATAAGGTGCCAATGTCTTTGTGGTTGGTTGAA



35

>1st_BASE_384227_P_D9_FISH_F1
CNGNACTTGNNTTGGTNATGNNGCCGTGTAGTTGGCGCCGCACTCAGCCTACTACTACGCACAGAACTTTCACAACCTGGCCCCTTTCT
TGGAAATGATCAAATCTATAACGTTGTTGTAACAGCCCACGCATTTGTAATAATCTTCTTCATGGTCATACCCATTATAATCGGCGGTTT
CGGAAACTGACTCATTCCTTTAATAATTGGTGCCCCAGACATAGCATTCCCACGAATAAATAATATAAGCTTCTGACTTCTCCCACCAT
CATTCTTTCTTCTCCTAGCTTCATCAACAGTAGAAGCAGGGGCTGGAACTGGATGAACCATCTATCCTCCACTAGCTAACAACATTGCA
CATGCAGGTGCCTCCGTAGACCTGACAATCTTTTCACTTCACCTAGCTGGTGTCTCATCAATCCTTGGTGCTATTAACTTCATCACAACA
ATTATTAACATAAAACCAAAAGCCTCCACACAATACCAAACCCCTCTTTTTATCTGAGCACTAATAATCACAGCAGTTCTTCTGCTTCTA
TCTTTACCAGTCCTTGCCGCCGGAATCACGATACTACTAACAGACCGTAACCTGAACACAACATTCTTTGACCCTGGAGGGGGAGGAG
ACCCCATCCTATTTCAACACCTCTTTTGATTCTTTGGCCACNNN

>1st_BASE_384228_P_D9_FISH_R1
ANGGNNNGAATNNGAGGGGTCTCCTCCCCTCCAGGGTCAAAGAATGTTGTGTTCAGGTTACGGTCTGTTAGTAGTATCGTGATTCCGGC
GGCAAGGACTGGTAAAGATAGAAGCAGAAGAACTGCTGTGATTATTAGTGCTCAGATAAAAAGAGGGGTTTGGTATTGTGTGGAGGCT
TTTGGTTTTATGTTAATAATTGTTGTGATGAAGTTAATAGCACCAAGGATTGATGAGACACCAGCTAGGTGAAGTGAAAAGATTGTCAG
GTCTACGGAGGCACCTGCATGTGCAATGTTGTTAGCTAGTGGAGGATAGATGGTTCATCCAGTTCCAGCCCCTGCTTCTACTGTTGATG
AAGCTAGGAGAAGAAAGAATGATGGTGGGAGAAGTCAGAAGCTTATATTATTTATTCGTGGGAATGCTATGTCTGGGGCACCAATTAT
TAAAGGAATGAGTCAGTTTCCGAAACCGCCGATTATAATGGGTATGACCATGAAGAAGATTATTACAAATGCGTGGGCTGTTACAACA
ACGTTATAGATTTGATCATTTCCAAGAAAGGGGCCAGGTTGTGAAAGTTCTGTGCGTAGTAGTAGGCTGAGTGCGGCGCCAACTATTGC
GGCTCATGTACCAAATACAAGGTATAAGGTGCCAATGTCTTTGGGGTTTGGTTGAA

>1st_ BASE_384229 P_D9 FISH_F2
CNTGNTTGGGNGGGNTCAAAANCCCCANATTGGNACCAGCACATCTTCTGATTCTTCGGCACCCTGAAGANTGCNAACNAAGGNGTGG
TTCGAGTCTAGGAGGGTTTTGGGANNGTNCCAGAAANGTAAGAATTTTTTTAAGGGCGGGACCGATAAAAAGCGGGGTTAACCCTAAA
ANNNAAAAAAACCTGTAGNTTGGGNTCCCCAAACCTACCATTCCCAGAAACAACTACTATAAGCTGCGGACCTATCCCAACATCATTC
ATTCTTCCCCTAGTTTCAACCACCCTAGAAGCTGGGGGAGGAACTGTGAAGAACCATCTATCCTCCTCTACTTAAGAAGAGTACACATG
CAGGAGACAGCAGAAAGGTGAGAGTAGTTAGACGCCCCCCCCCTGGTGTCTCCCAAATGCTGGGTTTTTTTTAACTTCCTCACAATTAT
TATAGAACATAAAACCAAAAGCCCCCACAAAAAGACCAACGCCTTTTTTTTTTTTGAGAACAATAGGAATCAGGCGGAGCTTATACCA
GCTTCTATATTTAACAATTTCTTGCCGCAGGGAATCAGGCATGAGAGAATAACAAAACCGGAAACCAANATTTTTTATTTTTTTTTGGC
CCACACTCGAGGGAGAGAGAAGTCGCTTGATTCCCAAGGGCCAACAGGATGCAAATGGACAGGGGCCCTANGNNANNAGTATAAAAA
AATAGA

>1st_BASE_384230_P_D9_FISH_R2
GNNNTTNNNCNNNNNNNNNGANCCCNNGNNNNGTGNGGACNNAGNNNCGTTTGAAAGAAAGCTGGTGCCGATAATCTGTTATGATTA
GTCGGAGAGTCGTTGCCCCCCCNGCGGGCGGGGACTGGTATAGATAGNNNGGNNATNACNNTNNCNNGAATATATTNNTGCTCCTTTT
TTTGGGGGGGGTTGGGTATTGATGNGGAGGCTTNNGTTTNANAAAAAAAAGAATTGTTGGGTTTTNATTTTGATAGCGCCGAGGGATT
GTATGGAATACACCANCCTAGGGTGAAGTGGAAAAGATTGGTCAGGGTCTACCTGAGGCACCTTCTTTTTCCTATGCCCGCTTAGCTAG
GGGGAGGAGAGATGGTTCATCCAGTTCCAGCCCCTGCTTCTACTGTTGAGGAAGCTAGGAGAAGAAAGAATGATGGTGTTGAGAAGTC
AGACCCCCCCCTTAGTGATTCGTGGNAATGGTGTGTTTTGTTGCTGCAATTATTAATTTAATGATTAATTTTCCAAACCCGCCAATTAAA
AGGGGTCTGACNTTTNTNTTAGATTATTACAATTGCAGGGGCTGCTACACCACCTTTAAATATTAGATCATTTCTAAGAAAGGCAAACG
TTGAAAAAGATCTGAGCGTAATCTNTTTATTTNTTTTGGCCACNAGCTGTNAGGGAATTGAAAAAAAAAAAAATAAGAGATGATGAAT
GGGTTTAGTTGTNTGAAGAAA

>1st_BASE_384267_P_D10_FISH_F1
NNTGNNTNCGGTGCTGAGCAGGGAAGTTGGGACAGCCTTAAGCCTCCTTATCCGTGCTGAACTAAGCCAACCAGGGGCTCTCCTTGGA
GACGACCAGATCTATAATGTGATCGTAACGGCACATGCCTTCGTAATAATTTTCTTTATAGTTATGCCAGTAATAATTGGAGGGTTTGG
AAATTGACTGGTTCCCCTAATGATCGGGGCACCGGATATAGCATTCCCCCGGATAAATAACATAAGCTTCTGACTCCTTCCCCCTTCTTT
CCTTCTCCTTCTAGCTTCCTCTGGCGTAGAAGCCGGGGCTGGAACAGGATGAACAGTCTACCCCCCTCTCGCTGGTAATCTAGCACATG
CGGGAGCCTCCGTAGACCTAACCATCTTCTCACTTCACTTGGCAGGGATTTCTTCAATCCTTGGGGCTATTAACTTCATCACCACTATTA
TTAATATAAAATCCCCTGCTGCTTCCCAATATCAAACTCCTCTATTCGTCTGAGCAGTCCTAATTACTGCTGTCTTACTACTTCTCTCTCT
ACCTGTTCTTGCTGCTGGCATCACAATACTTCTTACAGATCGAAACCTGAACACCTCTTTCTTTGATCCTGCAGGAGGAGGAGACCCAA
TTCTTTACCAACATCTATTCTGATTCTTTGGCCACCCAGAAGTCTAA

>1st_BASE_384268_P_D10_FISH_R1
GNNNNTGGTAAGAATTGGGTCTCCTCCTCCTGCAGGATCAAAGAAAGAGGTGTTCAGGTTTCGATCTGTAAGAAGTATTGTGATGCCA
GCAGCAAGAACAGGTAGAGAGAGAAGTAGTAAGACAGCAGTAATTAGGACTGCTCAGACGAATAGAGGAGTTTGATATTGGGAAGCA
GCAGGGGATTTTATATTAATAATAGTGGTGATGAAGTTAATAGCCCCAAGGATTGAAGAAATCCCTGCCAAGTGAAGTGAGAAGATGG
TTAGGTCTACGGAGGCTCCCGCATGTGCTAGATTACCAGCGAGAGGGGGGTAGACTGTTCATCCTGTTCCAGCCCCGGCTTCTACGCCA
GAGGAAGCTAGAAGGAGAAGGAAAGAAGGGGGAAGGAGTCAGAAGCTTATGTTATTTATCCGGGGGAATGCTATATCCGGTGCCCCG
ATCATTAGGGGAACCAGTCAATTTCCAAACCCTCCAATTATTACTGGCATAACTATAAAGAAAATTATTACGAAGGCATGTGCCGTTAC
GATCACATTATAGATCTGGTCGTCTCCAAGGAGAGCCCCTGGTTGGCTTAGTTCAGCACGGATAAGGAGGCTTAAGGCTGTCCCAACTA
TCCCTGCTCAGGCACCGAATACTAGATAAAGGGTGCCAATGTCTTTGGNNT

>1st_BASE_384269_P_D10_FISH_F2
TNNNNGTGNNTNNAGCAGGNNNNGTGNGGGACAGCCTTAAGCCTCCTTATCCGTGCTGAACTAAGCCAACCAGGGGCTCTCCTTGGAG
ACGACCAGATCTATAATGTGATCGTAACGGCACATGCCTTCGTAATAATTTTCTTTATAGTTATGCCAGTAATAATTGGAGGGTTTGGA
AATTGACTGGTTCCCCTAATGATCGGGGCACCGGATATAGCATTCCCCCGGATAAATAACATAAGCTTCTGACTCCTTCCCCCTTCTTTC
CTTCTCCTTCTAGCTTCCTCTGGCGTAGAAGCCGGGGCTGGAACAGGATGAACAGTCTACCCCCCTCTCGCTGGTAATCTAGCACATGC
GGGAGCCTCCGTAGACCTAACCATCTTCTCACTTCACTTGGCAGGGATTTCTTCAATCCTTGGGGCTATTAACTTCATCACCACTATTAT
TAATATAAAATCCCCTGCTGCTTCCCAATATCAAACTCCTCTATTCGTCTGAGCAGTCCTAATTACTGCTGTCTTACTACTTCTCTCTCTA
CCTGTTCTTGCTGCTGGCATCACAATACTTCTTACAGATCGAAACCTGAACACCTCTTTCTTTGATCCTGCAGGAGGAGGAGACCCAATT
CTTTACCAACATCTATTCTGATTCTTTGGCCACC
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>1st_BASE_384270_P_D10_FISH_R2
GNNNNNNGGTAAGNATTGGGTCTCCTCCTCCTGCAGGATCAAAGAAAGAGGTGTTCAGGTTTCGATCTGTAAGAAGTATTGTGATGCC
AGCAGCAAGAACAGGTAGAGAGAGAAGTAGTAAGACAGCAGTAATTAGGACTGCTCAGACGAATAGAGGAGTTTGATATTGGGAAGC
AGCAGGGGATTTTATATTAATAATAGTGGTGATGAAGTTAATAGCCCCAAGGATTGAAGAAATCCCTGCCAAGTGAAGTGAGAAGATG
GTTAGGTCTACGGAGGCTCCCGCATGTGCTAGATTACCAGCGAGAGGGGGGTAGACTGTTCATCCTGTTCCAGCCCCGGCTTCTACGCC
AGAGGAAGCTAGAAGGAGAAGGAAAGAAGGGGGAAGGAGTCAGAAGCTTATGTTATTTATCCGGGGGAATGCTATATCCGGTGCCCC
GATCATTAGGGGAACCAGTCAATTTCCAAACCCTCCAATTATTACTGGCATAACTATAAAGAAAATTATTACGAAGGCATGTGCCGTTA
CGATCACATTATAGATCTGGTCGTCTCCAAGGAGAGCCCCTGGTTGGCTTAGTTCAGCACGGATAAGGAGGCTTAAGGCTGTCCCAACT
ATCCCTGCTCAGGCACCGAATACTAGATAAAGGGTGCCAATGTCTTTG

>1st_BASE_384271_P_D13_FISH_F1
NNNNNNTGNAGGANNTGNTTCTTTNNGCCACCCAGAAGTCTAAGAATAGTTCCTCTCCATAACGTATTGCTGCTTTCATGTGAGAACCC
TCCTCGCAGGTTTTGATTTTTCTTATTTGTTAGTTTCAGCTGAAGGAGCTCAATCCTCTTTACCAAGCTGATTCTTTGGCCACCCAGAAGT
CTAAAAGTGGTGCCGANNTCCCGANGATGGCTCGACCAAGAAGAAAAAATACAGGCTGGGGGGGGGAGAAGATGGGTCCGTCATCCT
GCGCTTCTCNGCGTTGCCGATAGACGAGGGGGGGGAGTTGGATTGCACCTTCTCCTCCCNCCCTCCACCAACTACGCAGGNNAGAGGG
AGAAGGAAGATTGGAGANGAACGACCCCTCNCCCCGGGTTTGGGGGGGGGGGGAGCCGGTGGGGGACCCAATGTTAACAGGGCCAAT
TACCCAAGCCCTCGAACAATTGGCATATGTTTTAATAAAAATAAAAAAAAAACAAAATGCCTGCACAATAACATTAACAATATGNATC
TTTGTNACCACACCCCCAGGGTTGCGTAGCTTCCACTTTGANAAGATTTTTTTTTGGTTAGGCCCGGCGACCCGAGGTTCCGGCCCCCGA
ACAACAAAACAAGTAACGAGCGAAGGTCTTTGGAGCTTTAGGGAAAAACCN

>1st_ BASE_384272_P_D13_FISH_R1
NNNNNNTGTNNNNNNNGGGTNCGCGTCCATGCCTTTGTGGTTGGGTGATGTTGAGGGTTGGATCTGCACCAAGGATTGTCATGCCGGC
CGTGAGAACAGGTATGGCGAGCAGGTATCAGAACGGCAGTTACTAGGACTGATCAAGAGAATAGGGGGGTCTGATATTGGGAAATAG
TTTGGGGTTTCATGATAATGATTGTTGTGATGAAGTTAATTGCCCCAAGAATTGAGGAAACACCTGCCAGGTGGAGGGAGAAGATGGT
TAGGTCAACGGATGCCCCTGCGTGGGCCAGATTCCCGGCTAGAGGGGGGTAAACGGTTCATCCAGTACCAGCTCCGGCTTCAACTCCT
GAGGAGGCAAGGAGAAGGAGGAAGGAGGGGGGAAGGAGTCAAAAGCTCATGTTGTTCATTCGAGGGAATGCCATGTCCGGAGCTCCA
ATCATTAGGGGCACTAGTCAGTTTCCGAAGCCGCCGATTAGGATTGGTATTACCATGAAGAAAATTATTACAAACGCATGTGCAGTAA
CGATAACATTATAGATCTGATCGTCCCCAAGGAGAGCGCCCGGTTGGCTGAGTTCTGCTCGGATAAGCAGGCTTAGGGCTGTGCCTACT
ATTCCGGCCCAGGCACCAAATACTAAATAAAGGGTGCCGATATCTTTTGAATTT

>1st_BASE_384273_P_D13_FISH_F2
NNNNGNGTGGGTCTGNGANTAGTATGCACAGCCCTAAGCCTGCTTATCCGAGCAGAACTCAGCCAACCGGGCGCTCTCCTTGGGGACG

ATCAGATCTATAATGTTATCGTTACTGCACATGCGTTTGTAATAATTTTCTTCATGGTAATACCAATCCTAATCGGCGGCTTCGGAAACT

GACTAGTGCCCCTAATGATTGGAGCTCCGGACATGGCATTCCCTCGAATGAACAACATGAGCTTTTGACTCCTTCCCCCCTCCTTCCTCC
TTCTCCTTGCCTCCTCAGGAGTTGAAGCCGGAGCTGGTACTGGATGAACCGTTTACCCCCCTCTAGCCGGGAATCTGGCCCACGCAGGG

GCATCCGTTGACCTAACCATCTTCTCCCTCCACCTGGCAGGTGTTTCCTCAATTCTTGGGGCAATTAACTTCATCACAACAATCATTAAC

ATGAAACCCCCCGCTATTTCCCAATATCAGACCCCCTTATTCGTCTGATCCGTCCTAGTTACCGCCGTTCTCCTCCTGCTCTCCCTACCCG
TTCTCGCCGCCGGCATTACAATGCTTCTTACAGATCGAAACCTAAACACCACCTTCTTCGACCCCGCCGGAGGAGGTGACCCAATCCTG

TATCAGCACCTTTTCTGATTCTTCGGNCCCN

>1st_BASE_384274_P_D13_FISH_R2
NNNNNGNNNCNNGNNTGTGGACNCCTCCTCCCGTCGGGGTCTAAGAAGGTGGTGTTTAGGTTTCGATCTGTAATATGCATTGTAATGCC
CGAGGCTGACAACGGGTAGGGAGAGCAGGAGGAGAACGGCTTTAACTAGGACGGATCAGACGAATAAGGGGGTCTGATATTGGGAAA
TAGCGGGGGGTTTCATGTTAATGATTGTTGTGATGAAGTTAATTGCCCCAAGAATTGAGGAAACACCTGCCAGGTGGAGGGAGAAGAT
GGTTAGGTCAACGGATGCCCCTGCGTGGGCCAGATTCCCGGCTAGAGGGGGGTAAACGGTTCATCCAGTACCAGCTCCGGCTTCAACT
CCTGAGGAGGCAAGGAGAAGGAGGAAGGAGGGGGGAAGGAGTCAAAAGCTCATGTTGTTCATTCGAGGGAATGCCATGTCCGGAGCT
CCAATCATTAGGGGCACTAGTCAGTTTCCGAAGCCGCCGATTAGGATTGGTATTACCATGAAGAAAATTATTACAAACGCATGTGCAGT
AACGATAACATTATAGATCTGATCGTCCCCAAGGAGAGCGCCCGGTTGGCTGAGTTCTGCTCGGATAAGCAGGCTTAGGGCTGTGCCT
ACTATTCCGGCCCAGGCACCAAATACTAAATAAAGGGTGCCGATATCTTTAGAAA

>1st_BASE_384275_P_D14_FISH_F1
NNNNANNNGGANNTGATTCTTTGGCCACCCAGAAGTCTAANATGTCTGATAACTCTGCCCCTCTGAAGAAGTGTTTCTATGGAATTAAC
CGGGGACGGTCAAGGGATGATTCGGGGGGCACCGNTAAGTCAAACACCCAGAAGTCTAATTTGGAACCAGAAGTCTAAAANGANTAA
NCTTTGTTANGTTNATGTTCGCCTGGTCGTTGCGCCTAGGAAACGACAANACCGCATATGAAACTTATTGTTAAGTCGCGGATGCCCCT
TCGTATCCCAACAGGCCAGGGGGGGGAAGGACAACGANTCGTCCCGCCCCTGCTCCANCCTCCGAACTGATGAAGAAAGAAAAAAGA
GCATGCTGCTAGAAGCACCCCTGNCCGCCCGTATTTCATTCGGGGCGATAGCTTGAAGCCACGGCTGTCGNGGGGGGAGCCGGTCTCC
TGCCCTGCCACCTCTTACGACGGGTCTTTTTTGTTAAGAAACACNCATTAACTGATGCTTCTATAAATGATCTGCTGATTGGTCTGTTGC
CNCCCCACGCGCCGCGCCGGGTGGACGCGAGAATNACCNNGTTTTNTTTTGCTTANNGCAGCNCGTACGCTTCANGTCCCGTCAACCA
AGANAATCAAACGANTNNNNACATC

>1st_ BASE_384276_P_D14_FISH_R1
NNNNNNNNNNNNCAGGTGTACGTGCCAATGTCTTTGTGGTTGGTTGAGTTTAATGTTTCGATTCTTTTAATAAGCATTGTTATGCCGGC
GGTGATAATTGTTGAAAATAACAGGATGATGACGGAAGGAACTAGGACTTATCGTGACGAATAAGGGGGTCTGATATTGGGAAATAG
CGGGGGGTTTCATGTTAATGATTGTTGTGATGAAGTTAATTGCCCCAAGAATTGAGGAAACACCTGCCAGGTGGAGGGAGAAGATGGT
TAGGTCAACGGATGCCCCTGCGTGGGCCAGATTCCCGGCTAGAGGGGGGTAAACGGTTCATCCAGTACCAGCTCCGGCTTCAACTCCT
GAGGAGGCTAGGAGAATGAGGAAAGATGTGGGAAGCCTCCCCCACCCNGCTTGGTGTTGCCTCAATATTTGNNTGTATTTACTTCACC
ACATNGATCATGAANGTCTCCTCCCCTTCTATNTCCCTTGACATACANNTAANNNTGTAAGAACCGAACAA
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>1st_BASE_384277_P_D14_FISH_F2
NNNNNGNCTGGGNCGGATAGTAGGCACAGCCCTAAGCCTGCTTATCCGAGCAGAACTCAGCCAACCGGGCGCTCTCCTTGGGGACGAT
CAGATCTATAATGTTATCGTTACTGCACATGCGTTTGTAATAATTTTCTTCATGGTAATACCAATCCTAATCGGCGGCTTCGGAAACTGA
CTAGTGCCCCTAATGATTGGAGCTCCGGACATGGCATTCCCTCGAATGAACAACATGAGCTTTTGACTCCTTCCCCCCTCCTTCCTCCTT
CTCCTTGCCTCCTCAGGAGTTGAAGCCGGAGCTGGTACTGGATGAACCGTTTACCCCCCTCTAGCCGGGAATCTGGCCCACGCAGGGGE
ATCCGTTGACCTAACCATCTTCTCCCTCCACCTGGCAGGTGTTTCCTCAATTCTTGGGGCAATTAACTTCATCACAACAATCATTAACAT
GAAACCCCCCGCTATTTCCCAATATCAGACCCCCTTATTCGTCTGATCCGTCCTAGTTACCGCCGTTCTCCTCCTGCTCTCCCTACCCGTT
CTCGCCGCCGGCATTACAATGCTTCTTACAGATCGAAACCTAAACACCACCTTCTTCGACCCCGCCGGAGGAGGTGACCCAATCCTGTA
TCAGCACCTTTTCTGATTCTTCGGNCCCCCGGAAAAGTATAA

>1st_ BASE_384278_P_D14_FISH_R2
NNNNNNTNGGGTCACCTCCTCCGGCGGGGTCGAAGAAGGTGGTGTTTAGGTTTCGATCTGTAAGAAGCATTGTAATGCCGGCGGCGAG
AACGGGTAGGGAGAGCAGGAGGAGAACGGCGGTAACTAGGACGGATCAGACGAATAAGGGGGTCTGATATTGGGAAATAGCGGGGG
GTTTCATGTTAATGATTGTTGTGATGAAGTTAATTGCCCCAAGAATTGAGGAAACACCTGCCAGGTGGAGGGAGAAGATGGTTAGGTC
AACGGATGCCCCTGCGTGGGCCAGATTCCCGGCTAGAGGGGGGTAAACGGTTCATCCAGTACCAGCTCCGGCTTCAACTCCTGAGGAG
GCAAGGAGAAGGAGGAAGGAGGGGGGAAGGAGTCAAAAGCTCATGTTGTTCATTCGAGGGAATGCCATGTCCGGAGCTCCAATCATT
AGGGGCACTAGTCAGTTTCCGAAGCCGCCGATTAGGATTGGTATTACCATGAAGAAAATTATTACAAACGCATGTGCAGTAACGATAA
CATTATAGATCTGATCGTCCCCAAGGAGAGCGCCCGGTTGGCTGAGTTCTGCTCGGATAAGCAGGCTTAGGGCTGTGCCTACTATTCCG
GCCCAGGCACCAAATACTAAATAAAGGGTGCCGATATCTTTNNNNTTTAGTCGAA

>1st_ BASE_384251_P_D15_FISH_F1
NNCCNCNCNNTGNNNTTTTATGAANCATGTGNCTCNNCACACACACACACTCACACCATATGCCCTCCTCAAACCCACCAGTGTCACTT
GCTGACTGCTCAGGGATGAATATTAAGGNCACCCACGAANTCAAAATGTTCCTCTTTTTATTTGGCCACCCTTGGTCCTAAAGATGTCT
AACAGATGGTGCCGATATCTTTATGATTAGTCGAACCCCCGGAAAAAAAAAGAAGATTTGTGAATCCTTCCCCCTTTCTGACTTCTCCT
TCTTGCTTCAGCTGGCGGAAAAGGGGGGGGGGGGAGATGATGAAAGTGAGCACCCCCCTCTTGATTGGAAAATTGGGAAAGCGGGGA
GACTAAGGAGACTGGAAGGTTTTCTCTCCCCATTAGGTGGGTGTTCCTAAATGACTGGGGGGGGATATAATTCATCCAACCAAGTAAA
AAATTCATTCACCCGGCCCATAACTGATAACACACTCCTCTGTTAGAGAGATAAAAAGAATGACTGGTTTGCTAATCCTTCTTATCTCT
AACTGTTCTCTCAAGGGCTANTACTATACTTCTTTACTGCATCAGATATTAAGACACTGGTTTCGTCTCACCCCCTGGGAAGGAGGAGA
AACTTTCTTATTACAGGATAAAAAAGANAAGTGTTTTGGCGAGCTAGGAAAGANTAATAANNN

>1st_ BASE_384252_P_D15_FISH_R1
GGTNNGTGTNGNNNTNNTNNNNNNNGTGTANGNGCCCGTGCGCTTNTCTGAGTTGGGTGATGTTTAGGTTTCGATCTGTAAGAAGCAT
TGTAATGCCGGCGGCGAGAACGGGTAGGGAGAGCAGGAGGAGAACGGCGGTAACTAGGACGGATCAGACGAATAAGGGGGTCTGAT
ATTGGGAAATAGCGGGGGGTTTCATGTTAATGATTGTTGTGATGAAGTTAATTGCCCCAAGAATTGAGGAAACACCTGCCAGGTGGAG
GGAGAAGATGGTTAGGTCAACGGATGCCCCTGCGTGGGCCAGATTCCCGGCTAGAGGGGGGTAAACGGTTCATCCAGTACCAGCTCCG
GCTTCAACTCCTGAGGAGGCAAGGAGAAGGAGGAAGGAGGGGGGAAGGAGTCAAAAGCTCATGTTGTTCATTCGAGGGAATGCCATG
TCCGGAGCTCCAATCATTAGGGGCACTAGTCAGTTTCCGAAGCCGCCGATTAGGATTGGTATTACCATGAAGAAAATTATTACAAACGC
ATGTGCAGTAACGATAACATTATAGATCTGATCGTCCCCAAGGAGAGCGCCCGGTTGGCTGAGTTCTGCTCGGATAAGCAGGCTTAGG
GCTGTGCCTACTATTCCGGCCCAGGCACCAAATACTAAATAAAGGGTGCCGATATCTTTTGATTT

>1st_BASE_384253_P_D15_FISH_F2
NNNNNNNNNNGTGNCNNNNGNCGNNNNNNTGAGGCACAGCCCTAAGCCTGCTTATCCGAGCAGAACTCAGCCAACCGGGCGCTCTCC
TTGGGGACGATCAGATCTATAATGTTATCGTTACTGCACATGCGTTTGTAATAATTTTCTTCATGGTAATACCAATCCTAATCGGCGGCT
CGGAAACTGACTAGTGCCCCTAATGATTGGAGCTCCGGACATGGCATTCCCTCGAATGAACAACATGAGCTTTTGACTCCTTCCCCCCT
CCTTCCTCCTTCTCCTTGCCTCCTCAGGAGTTGAAGCCGGAGCTGGTACTGGATGAACCGTTTACCCCCCTCTAGCCGGGAATCTGGCCC
ACGCAGGGGCATCCGTTGACCTAACCATCTTCTCCCTCCACCTGGCAGGTGTTTCCTCAATTCTTGGGGCAATTAACTTCATCACAACAA
TCATTAACATGAAACCCCCCGCTATTTCCCAATATCAGACCCCCTTATTCGTCTGATCCGTCCTAGTTACCGCCGTTCTCCTCCTGCTCTC
CCTACCCGTTCTCGCCGCCGGCATTACAATGCTTCTTACAGATCGAAACCTAAACACCACCTTCTTCGACCCCGCCGGAGGAGGTGACC
CAATCCTGTATCAGCACCTTTTCTGATTCTTCGGTCACCCCTGAAGTANN

>1st_BASE_384254_P_D15_FISH_R2
GNNNNGCANGTNNTGNGNCNNNTNNNNCGGCGGGGTCGAAGAAGGTGGTGTTTAGGTTTCGATCTGTAAGAAGCATTGTAATGCCGG
CGGCGAGAACGGGTAGGGAGAGCAGGAGGAGAACGGCGGTAACTAGGACGGATCAGACGAATAAGGGGGTCTGATATTGGGAAATA
GCGGGGGGTTTCATGTTAATGATTGTTGTGATGAAGTTAATTGCCCCAAGAATTGAGGAAACACCTGCCAGGTGGAGGGAGAAGATGG
TTAGGTCAACGGATGCCCCTGCGTGGGCCAGATTCCCGGCTAGAGGGGGGTAAACGGTTCATCCAGTACCAGCTCCGGCTTCAACTCCT
GAGGAGGCAAGGAGAAGGAGGAAGGAGGGGGGAAGGAGTCAAAAGCTCATGTTGTTCATTCGAGGGAATGCCATGTCCGGAGCTCCA
ATCATTAGGGGCACTAGTCAGTTTCCGAAGCCGCCGATTAGGATTGGTATTACCATGAAGAAAATTATTACAAACGCATGTGCAGTAA
CGATAACATTATAGATCTGATCGTCCCCAAGGAGAGCGCCCGGTTGGCTGAGTTCTGCTCGGATAAGCAGGCTTAGGGCTGTGCCTACT
ATTCCGGCCCAGGCACCAAATACTAAATAAAGGGTGCCGATATCTTNNNNNTTTAGTCGAA

>1st_ BASE_384255_P_F3_FISH_F1
NNTTANTGGNNTTGGGGCTTGGGCCGGAATAATAGGCACCGCCCTTAGCCTCCTGATCCGAGCAGAAGTCAGCCAACCTGGCGCTTTA
CTGGGGGACGACCAAATCTACAATGTTATCGTTACAGCACATGCATTTGTAATAATTTTCTTCATGGTCATGCCTATCATAATTGGAGG
CTTTGGAAATTGACTGGTTCCTCTAATAATTGGTGCCCCTGATATGGCTTTCCCTCGAATAAATAATATAAGCTTCTGATTACTTCCCCC
CTCTTTCCTTCTTCTCCTTGCTTCCTCAGGTGTAGAAGCAGGGGCCGGAACTGGTTGAACAGTTTATCCCCCCTTAGCGGGCAACCTGGC
ACATGCAGGAGCATCAGTGGACCTAACCATCTTCTCCCTACATTTAGCAGGGGTATCCTCAATTCTTGGGGCCATTAATTTTATTACAAC
CATTATTAATATGAAACCCCCGGCCATCTCCCAGTATCAGACACCTTTATTTGTCTGAGCCGTTCTAATTACAGCAGTTCTACTTCTTCTT
TCTCTCCCAGTTTTAGCTGCCGGAATCACTATGCTTCTCACAGATCGAAATCTTAATACAACCTTCTTCGACCCTGCTGGCGGAGGGGAC
CCTATTCTATACCAACACCTATTCTGATTCTTCGNCCCCN



38

>1st_BASE_384256_P_F3_FISH_R1
NNGGNNNGNTNNNAATAGGGTCCCTCCGCCAGCAGGGTCGAAGAAGGTTGTATTAAGATTTCGATCTGTGAGAAGCATAGTGATTCCG
GCAGCTAAAACTGGGAGAGAAAGAAGAAGTAGAACTGCTGTAATTAGAACGGCTCAGACAAATAAAGGTGTCTGATACTGGGAGATG
GCCGGGGGTTTCATATTAATAATGGTTGTAATAAAATTAATGGCCCCAAGAATTGAGGATACCCCTGCTAAATGTAGGGAGAAGATGG
TTAGGTCCACTGATGCTCCTGCATGTGCCAGGTTGCCCGCTAAGGGGGGATAAACTGTTCAACCAGTTCCGGCCCCTGCTTCTACACCT
GAGGAAGCAAGGAGAAGAAGGAAAGAGGGGGGAAGTAATCAGAAGCTTATATTATTTATTCGAGGGAAAGCCATATCAGGGGCACCA
ATTATTAGAGGAACCAGTCAATTTCCAAAGCCTCCAATTATGATAGGCATGACCATGAAGAAAATTATTACAAATGCATGTGCTGTAAC
GATAACATTGTAGATTTGGTCGTCCCCCAGTAAAGCGCCAGGTTGGCTGAGTTCTGCTCGGATCAGGAGGCTAAGGGCGGTGCCTACTA
TTCCGGCTCAAGCACCAAATACAAGATAAAGGGTGCCAATGTCTTTGGGTTT

>1st_BASE_384257_P_F3_FISH_F2
CNNNNNNNNGNTGGGTGCTTGNNGCCGGNATAGTAGGCACCGCCCTTAGCCTCCTGATCCGAGCAGAACTCAGCCAACCTGGCGCTTT
ACTGGGGGACGACCAAATCTACAATGTTATCGTTACAGCACATGCATTTGTAATAATTTTCTTCATGGTCATGCCTATCATAATTGGAG
GCTTTGGAAATTGACTGGTTCCTCTAATAATTGGTGCCCCTGATATGGCTTTCCCTCGAATAAATAATATAAGCTTCTGATTACTTCCCC
CCTCTTTCCTTCTTCTCCTTGCTTCCTCAGGTGTAGAAGCAGGGGCCGGAACTGGTTGAACAGTTTATCCCCCCTTAGCGGGCAACCTGG
CACATGCAGGAGCATCAGTGGACCTAACCATCTTCTCCCTACATTTAGCAGGGGTATCCTCAATTCTTGGGGCCATTAATTTTATTACAA
CCATTATTAATATGAAACCCCCGGCCATCTCCCAGTATCAGACACCTTTATTTGTCTGAGCCGTTCTAATTACAGCAGTTCTACTTCTTC
TTTCTCTCCCAGTTTTAGCTGCCGGAATCACTATGCTTCTCACAGATCGAAATCTTAATACAACCTTCTTCGACCCTGCTGGCGGAGGGG
ACCCTATTCTATACCAACACCTATTCTGATTCTTCGGNNCNNCTGGAAAGTATA

>1st_BASE_384258_P_F3_FISH_R2
NNNNNNNGGNNNNATAGGGTCNNTCCGCCAGCAGGGTCGAAGAAGGTTGTATTAAGATTTCGATCTGTGAGAAGCATAGTGATTCCG
GCAGCTAAAACTGGGAGAGAAAGAAGAAGTAGAACTGCTGTAATTAGAACGGCTCAGACAAATAAAGGTGTCTGATACTGGGAGATG
GCCGGGGGTTTCATATTAATAATGGTTGTAATAAAATTAATGGCCCCAAGAATTGAGGATACCCCTGCTAAATGTAGGGAGAAGATGG
TTAGGTCCACTGATGCTCCTGCATGTGCCAGGTTGCCCGCTAAGGGGGGATAAACTGTTCAACCAGTTCCGGCCCCTGCTTCTACACCT
GAGGAAGCAAGGAGAAGAAGGAAAGAGGGGGGAAGTAATCAGAAGCTTATATTATTTATTCGAGGGAAAGCCATATCAGGGGCACCA
ATTATTAGAGGAACCAGTCAATTTCCAAAGCCTCCAATTATGATAGGCATGACCATGAAGAAAATTATTACAAATGCATGTGCTGTAAC
GATAACATTGTAGATTTGGTCGTCCCCCAGTAAAGCGCCAGGTTGGCTGAGTTCTGCTCGGATCAGGAGGCTAAGGGCGGTGCCTACTA
TTCCGGCTCAAGCACCAAATACAAGATAAAGGGTGCCAATGTCTNTNGNNTTTGGTTGAA

>1st_BASE_384231_P_F7_FISH_F1
NNNNGNGGGNTTGGTGCTTGAGCCNGATAGTAGGCACCGCCCTTAGCCTCCTGATCCGAGCAGAACTCAGCCAACCTGGCGCTTTACT
GGGGGACGACCAAATCTACAATGTTATCGTTACAGCACATGCATTTGTAATAATTTTCTTCATGGTCATGCCTATCATAATTGGAGGCTT
TGGAAATTGACTGGTTCCTCTAATAATTGGTGCCCCTGATATGGCTTTCCCTCGAATAAATAATATAAGCTTCTGATTACTTCCCCCCTC
TTTCCTTCTTCTCCTTGCTTCCTCAGGTGTAGAAGCAGGGGCCGGAACTGGTTGAACAGTTTATCCCCCCTTAGCGGGCAACCTGGCACA
TGCAGGAGCATCAGTGGACCTAACTATCTTCTCCCTACATTTAGCAGGGGTATCCTCAATTCTTGGGGCCATTAATTTTATTACAACCAT
TATTAATATGAAACCCCCGGCCATCTCCCAGTATCAGACACCTTTATTTGTCTGAGCCGTTCTAATTACAGCAGTACTACTTCTTCTTTCT
CTCCCAGTTTTAGCTGCCGGAATCACTATGCTTCTCACAGATCGAAATCTTAATACAACCTTCTTCGACCCTGCTGGCGGAGGGGACCC
TATCCTATACCAACACCTATTCTGATTCTTCGGTCCCNNGAAAGTATA

>1st_BASE_384232_P_F7_FISH_R1
NNNNGNNNGGTNNGGAAGGGTCCCTCCGCCAGCAGGGTCGAAGAAGGTTGTATTAAGATTTCGATCTGTGAGAAGCATAGTGATTCCG
GCAGCTAAAACTGGGAGAGAAAGAAGAAGTAGTACTGCTGTAATTAGAACGGCTCAGACAAATAAAGGTGTCTGATACTGGGAGATG
GCCGGGGGTTTCATATTAATAATGGTTGTAATAAAATTAATGGCCCCAAGAATTGAGGATACCCCTGCTAAATGTAGGGAGAAGATAG
TTAGGTCCACTGATGCTCCTGCATGTGCCAGGTTGCCCGCTAAGGGGGGATAAACTGTTCAACCAGTTCCGGCCCCTGCTTCTACACCT
GAGGAAGCAAGGAGAAGAAGGAAAGAGGGGGGAAGTAATCAGAAGCTTATATTATTTATTCGAGGGAAAGCCATATCAGGGGCACCA
ATTATTAGAGGAACCAGTCAATTTCCAAAGCCTCCAATTATGATAGGCATGACCATGAAGAAAATTATTACAAATGCATGTGCTGTAAC
GATAACATTGTAGATTTGGTCGTCCCCCAGTAAAGCGCCAGGTTGGCTGAGTTCTGCTCGGATCAGGAGGCTAAGGGCGGTGCCTACTA
TTCCGGCTCAAGCACCAAATACAAGATAAAGGGTGCCAATGTCTTTNGGTTTGGTTG

>1st_BASE_384233_P_F7_FISH_F2
NNNNNNNNGCAGCCGGATAGTGAGGCACCGCCCTTAGCCTCCTGATCCGAGCAGAACTCAGCCAACCTGGCGCTTTACTGGGGGACGA
CCAAATCTACAATGTTATCGTTACAGCACATGCATTTGTAATAATTTTCTTCATGGTCATGCCTATCATAATTGGAGGCTTTGGAAATTG
ACTGGTTCCTCTAATAATTGGTGCCCCTGATATGGCTTTCCCTCGAATAAATAATATAAGCTTCTGATTACTTCCCCCCTCTTTCCTTCTT
CTCCTTGCTTCCTCAGGTGTAGAAGCAGGGGCCGGAACTGGTTGAACAGTTTATCCCCCCTTAGCGGGCAACCTGGCACATGCAGGAGC
ATCAGTGGACCTAACTATCTTCTCCCTACATTTAGCAGGGGTATCCTCAATTCTTGGGGCCATTAATTTTATTACAACCATTATTAATAT
GAAACCCCCGGCCATCTCCCAGTATCAGACACCTTTATTTGTCTGAGCCGTTCTAATTACAGCAGTACTACTTCTTCTTTCTCTCCCAGTT
TTAGCTGCCGGAATCACTATGCTTCTCACAGATCGAAATCTTAATACAACCTTCTTCGACCCTGCTGGCGGAGGGGACCCTATCCTATA
CCAACACCTATTCTGATTCTTCGNNCCCCCTGGAAAGTATA

>1st_ BASE_384234_P_F7_FISH_R2
GGNNNNGGTTTGGAAGGGTCCCTCCGCCAGCAGGGTCGAAGAAGGTTGTATTAAGATTTCGATCTGTGAGAAGCATAGTGATTCCGGC
AGCTAAAACTGGGAGAGAAAGAAGAAGTAGTACTGCTGTAATTAGAACGGCTCAGACAAATAAAGGTGTCTGATACTGGGAGATGGC
CGGGGGTTTCATATTAATAATGGTTGTAATAAAATTAATGGCCCCAAGAATTGAGGATACCCCTGCTAAATGTAGGGAGAAGATAGTT
AGGTCCACTGATGCTCCTGCATGTGCCAGGTTGCCCGCTAAGGGGGGATAAACTGTTCAACCAGTTCCGGCCCCTGCTTCTACACCTGA
GGAAGCAAGGAGAAGAAGGAAAGAGGGGGGAAGTAATCAGAAGCTTATATTATTTATTCGAGGGAAAGCCATATCAGGGGCACCAAT
TATTAGAGGAACCAGTCAATTTCCAAAGCCTCCAATTATGATAGGCATGACCATGAAGAAAATTATTACAAATGCATGTGCTGTAACG
ATAACATTGTAGATTTGGTCGTCCCCCAGTAAAGCGCCAGGTTGGCTGAGTTCTGCTCGGATCAGGAGGCTAAGGGCGGTGCCTACTAT
TCCGGCTCAAGCACCAAATACAAGATAAAGGGTGCCAATGTCTTTGGG
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Appendix B — Consensus Sequence Summary
DV 9:

Sequence: 660 bp

Composition: A (184), G (98), C (188), T (190)
CCTTATACCTTGTATTTGGTACATGAGCCGCAATAGTTGGCGCCGCACTCAGCCTACTACTACGCACAGAACTTTCACAACCTGGCCCC
TTTCTTGGAAATGATCAAATCTATAACGTTGTTGTAACAGCCCACGCATTTGTAATAATCTTCTTCATGGTCATACCCATTATAATCGGC
GGTTTCGGAAACTGACTCATTCCTTTAATAATTGGTGCCCCAGACATAGCATTCCCACGAATAAATAATATAAGCTTCTGACTTCTCCCA
CCATCATTCTTTCTTCTCCTAGCTTCATCAACAGTAGAAGCAGGGGCTGGAACTGGATGAACCATCTATCCTCCACTAGCTAACAACAT
TGCACATGCAGGTGCCTCCGTAGACCTGACAATCTTTTCACTTCACCTAGCTGGTGTCTCATCAATCCTTGGTGCTATTAACTTCATCAC
AACAATTATTAACATAAAACCAAAAGCCTCCACACAATACCAAACCCCTCTTTTTATCTGAGCACTAATAATCACAGCAGTTCTTCTGC
TTCTATCTTTACCAGTCCTTGCCGCCGGAATCACGATACTACTAACAGACCGTAACCTGAACACAACATTCTTTGACCCTGGAGGGGGA
GGAGACCCCATCCTATTTCAACACCTCTTTTGAT

Ilustrative barcode:

194

20n 399

DV7:

Sequence: 660 bp
Composition: A (184), G (99), C (187), T (190)

CCTTATACTTTGTATTTGGTACATGAACCGCAATAGTTGGCGCCGCACTCAGCCTATTACTACGCACAGAACTTTCACAACCTGGCCCCT
TTCTTGGAAATGATCAAATCTATAACGTTGTTGTAACAGCCCACGCATTTGTAATAATCTTCTTCATGGTCATACCCATTATAATCGGCG
GTTTCGGAAACTGGCTCATTCCTTTAATAATTGGTGCCCCAGACATAGCATTCCCACGAATAAATAATATAAGCTTCTGACTTCTCCCAC
CATCATTCTTTCTTCTCCTAGCTTCATCAACAGTAGAAGCAGGGGCGGGAACCGGATGAACCATCTATCCTCCACTAGCTAACAACATT
GCACATGCAGGTGCCTCCGTAGACCTGACAATCTTTTCACTTCACCTAGCTGGTGTCTCATCAATCCTTGGTGCTATTAACTTCATCACA
ACAATTATTAACATAAAACCAAAAGCCTCCACACAATACCAAACCCCTCTTTTTATCTGAGCACTAATAATCACAGCAGTTCTTCTGCT
TCTATCTTTACCAGTCCTTGCCGCCGGAATCACGATACTACTAACAGACCGTAACCTGAACACAACATTCTTTGACCCTGGAGGGGGAG
GAGACCCCATCCTATTTCAACACCTCTTTTGAT

Ilustrative barcode:

0 199
200 399
DV 8:
Sequence: 660 bp

Composition: A (184), G (98), C (188), T (190)

CCTTATACCTTGTATTTGGTACATGAGCCGCAATAGTTGGCGCCGCACTCAGCCTACTACTACGCACAGAACTTTCACAACCTGGCCCC
TTTCTTGGAAATGATCAAATCTATAACGTTGTTGTAACAGCCCACGCATTTGTAATAATCTTCTTCATGGTCATACCCATTATAATCGGC
GGTTTCGGAAACTGACTCATTCCTTTAATAATTGGTGCCCCAGACATAGCATTCCCACGAATAAATAATATAAGCTTCTGACTTCTCCCA
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CCATCATTCTTTCTTCTCCTAGCTTCATCAACAGTAGAAGCAGGGGCTGGAACTGGATGAACCATCTATCCTCCACTAGCTAACAACAT
TGCACATGCAGGTGCCTCCGTAGACCTGACAATCTTTTCACTTCACCTAGCTGGTGTCTCATCAATCCTTGGTGCTATTAACTTCATCAC
AACAATTATTAACATAAAACCAAAAGCCTCCACACAATACCAAACCCCTCTTTTTATCTGAGCACTAATAATCACAGCAGTTCTTCTGC
TTCTATCTTTACCAGTCCTTGCCGCCGGAATCACGATACTACTAACAGACCGTAACCTGAACACAACATTCTTTGACCCTGGAGGGGGA
GGAGACCCCATCCTATTTCAACACCTCTTTTGAT

Ilustrative barcode:

1949

200 339
DV 10:

Sequence: 660 bp

Composition: A (154), G (122), C (183), T (201)

CCCTTTATCTAGTATTCGGTGCCTGAGCAGGGATAGTTGGGACAGCCTTAAGCCTCCTTATCCGTGCTGAACTAAGCCAACCAGGGGCT
CTCCTTGGAGACGACCAGATCTATAATGTGATCGTAACGGCACATGCCTTCGTAATAATTTTCTTTATAGTTATGCCAGTAATAATTGGA
GGGTTTGGAAATTGACTGGTTCCCCTAATGATCGGGGCACCGGATATAGCATTCCCCCGGATAAATAACATAAGCTTCTGACTCCTTCC
CCCTTCTTTCCTTCTCCTTCTAGCTTCCTCTGGCGTAGAAGCCGGGGCTGGAACAGGATGAACAGTCTACCCCCCTCTCGCTGGTAATCT
AGCACATGCGGGAGCCTCCGTAGACCTAACCATCTTCTCACTTCACTTGGCAGGGATTTCTTCAATCCTTGGGGCTATTAACTTCATCAC
CACTATTATTAATATAAAATCCCCTGCTGCTTCCCAATATCAAACTCCTCTATTCGTCTGAGCAGTCCTAATTACTGCTGTCTTACTACTT

CTCTCTCTACCTGTTCTTGCTGCTGGCATCACAATACTTCTTACAGATCGAAACCTGAACACCTCTTTCTTTGATCCTGCAGGAGGAGGA
GACCCAATTCTTTACCAACATCTATTCTGAT

Ilustrative barcode:

n 194
200 3949
400 5449

CV5:

Sequence: 660 bp

Composition: A (160), G (114), C (196), T (190)

CCCTCTACCTAGTATTTGGTGCCTGAGCCGGAATAGTTGGAACCGCCCTTAGCCTGCTAATTCGGGCAGAATTAGCCCAACCCGGCGCC
CTTCTAGGCGATGATCAAATCTATAACGTTATCGTTACCGCCCACGCTTTCGTAATAATTTTCTTTATAGTGATACCAATCATAATTGGA
GGCTTTGGAAATTGACTTGTCCCCCTAATAATTGGAGCCCCCGACATGGCCTTCCCCCGAATAAATAATATGAGCTTCTGGCTCCTTCCC
CCATCCTTCCTACTTCTCCTTGCTTCATCAGGAGTTGAAGCAGGGGCGGGAACAGGATGAACTGTATATCCACCCCTTGCTGGGAATCT
CGCACACGCAGGAGCTTCCGTAGACCTTACTATTTTCTCCCTCCACCTAGCAGGAGTCTCATCAATTCTGGGGGCCATCAACTTCATCAC
AACTATCATTAATATGAAACCTCCAGCTATCTCACAATATCAAACACCTCTATTTGTTTGAGCCATTCTAATTACTGCCGTACTTTTACT
TCTCTCCCTCCCAGTTCTTGCTGCCGGCATCACTATACTATTAACAGACCGAAATCTTAACACCACTTTCTTTGACCCCGCAGGAGGGGG
AGACCCAATCCTTTACCAACATCTCTTCTGAT

Ilustrative barcode:
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0 194
200 399
CVe6:
Sequence: 660 bp

Composition: A (160), G (114), C (196), T (190)

CCCTCTACCTAGTATTTGGTGCCTGAGCCGGAATAGTTGGAACCGCCCTTAGCCTGCTAATTCGGGCAGAATTAGCCCAACCCGGCGCC
CTTCTAGGCGATGATCAAATCTATAACGTTATCGTTACCGCCCACGCTTTCGTAATAATTTTCTTTATAGTGATACCAATCATAATTGGA
GGCTTTGGAAATTGACTTGTCCCCCTAATAATTGGAGCCCCCGACATGGCCTTCCCCCGAATAAATAATATGAGCTTCTGGCTCCTTCCC
CCATCCTTCCTACTTCTCCTTGCTTCATCAGGAGTTGAAGCAGGGGCGGGAACAGGATGAACTGTATATCCACCCCTTGCTGGGAATCT
CGCACACGCAGGAGCTTCCGTAGACCTTACTATTTTCTCCCTCCACCTAGCAGGAGTCTCATCAATTCTGGGGGCCATCAACTTCATCAC
AACTATCATTAATATGAAACCTCCAGCTATCTCACAATATCAAACACCTCTATTTGTTTGAGCCATTCTAATTACTGCCGTACTTTTACT
TCTCTCCCTCCCAGTTCTTGCTGCCGGCATCACTATACTATTAACAGACCGAAATCTTAACACCACTTTCTTTGACCCCGCAGGAGGGGG
AGACCCAATCCTTTACCAACATCTCTTCTGAT

Ilustrative barcode:

194

200 399

&0

DV 13:

Sequence: 660 bp
Composition: A (144), G (127), C (209), T (180)

AAATTTATTTAGTATTTGGTGCCTGGGCCGGAATAGTAGGCACAGCCCTAAGCCTGCTTATCCGAGCAGAACTCAGCCAACCGGGCGCT
CTCCTTGGGGACGATCAGATCTATAATGTTATCGTTACTGCACATGCGTTTGTAATAATTTTCTTCATGGTAATACCAATCCTAATCGGC
GGCTTCGGAAACTGACTAGTGCCCCTAATGATTGGAGCTCCGGACATGGCATTCCCTCGAATGAACAACATGAGCTTTTGACTCCTTCC
CCCCTCCTTCCTCCTTCTCCTTGCCTCCTCAGGAGTTGAAGCCGGAGCTGGTACTGGATGAACCGTTTACCCCCCTCTAGCCGGGAATCT
GGCCCACGCAGGGGCATCCGTTGACCTAACCATCTTCTCCCTCCACCTGGCAGGTGTTTCCTCAATTCTTGGGGCAATTAACTTCATCAC
AACAATCATTAACATGAAACCCCCCGCTATTTCCCAATATCAGACCCCCTTATTCGTCTGATCCGTCCTAGTTACCGCCGTTCTCCTCCT
GCTCTCCCTACCCGTTGTCGCCGCCGGCATTACAATGCTTATTACAGATCGAAACCTAAACACCACCTTCTTCGACCCCGCCGGAGGAG
GTGACCCAATCCTGTATCAGCACCTTTTCTGAT

Ilustrative barcode:
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0 193
e VS T

200 a9
O
400 Sa9
T
G0 659
|ARRVAR AR

CV 15:

Sequence: 660 bp

Composition: A (154), G (110), C (219), T (177)

CCCTTTATTTAGTATTTGGTGCCTGAGCTGGAATGGTAGGCACAGCCCTAAGCCTCCTTATCCGAGCAGAACTTAGTCAACCCGGCGCC
CTTCTCGGAGACGACCAAATTTATAATGTTATCGTCACTGCACACGCCTTCGTAATAATTTTCTTTATAGTAATGCCCATCCTAATCGGC
GGCTTCGGAAACTGACTCGTGCCCCTAATGATTGGAGCCCCCGATATAGCATTCCCTCGAATAAATAATATGAGCTTCTGACTCCTCCC
CCCCTCTTTCCTTCTCCTCCTTGCCTCCTCAGGAGTTGAAGCCGGGGCCGGTACCGGATGAACAGTATACCCCCCTCTAGCCGGAAACCT
AGCCCACGCAGGGGCATCCGTCGACCTAACAATTTTCTCTCTCCACCTAGCAGGCGTCTCCTCAATTCTTGGAGCAATTAACTTCATCAC
AACAATCATTAACATAAAACCCCCCGCTATCTCCCAATATCAAACCCCTCTCTTCGTCTGATCCGTCCTAGTAACCGCCGTTCTCCTCTT
ACTCTCACTCCCAGTTCTTGCCGCCGGCATTACAATACTTCTTACAGATCGAAACTTAAACACCACCTTCTTCGACCCCGCCGGAGGAG

GTGACCCAATCCTGTATCAACACCTTTTCTGAT

Ilustrative barcode:

1949

]
e
200 ok o)
(LT AR R
400 S99
I A
E59

E0n

DV 15:

Sequence: 657 bp

Composition: A (139), G (125), C (214), T (179)

CCCTTTATTTAGTATTTGGTGCCTGGGCCGGAATAGTAGGCACAGCCCTAAGCCTGCTTATCCGAGCAGAACTCAGCCAACCGGGCGCT
CTCCTTGGGGACGATCAGATCTATAATGTTATCGTTACTGCACATGCGTTTGTAATAATTTTCTTCATGGTAATACCAATCCTAATCGGC
GGCTTCGGAAACTGACTAGTGCCCCTAATGATTGGAGCTCCGGACATGGCATTCCCTCGAATGAACAACATGAGCTTTTGACTCCTTCC
CCCCTCCTTCCTCCTTCTCCTTGCCTCCTCAGGAGTTGAAGCCGGAGCTGGTACTGGATGAACCGTTTACCCCCCTCTAGCCGGGAATCT
GGCCCACGCAGGGGCATCCGTTGACCTAACCATCTTCTCCCTCCACCTGGCAGGTGTTTCCTCAATTCTTGGGGCAATTAACTTCATCAC
AACAATCATTAACATGAAACCCCCCGCTATTTCCCAATATCAGACCCCCTTATTCGTCTGATCCGTCCTAGTTACCGCCGTTCTCCTCCT
GCTCTCCCTACCCGTTCTCGCCGCCGGCATTACAATGCTTCTTACAGATCGAAACCTAAACACCACCTTCTTCGACCCCGCCGGAGGAG

GTGACCCAATCCTGTATCAGCACCTTTTCTNNN

Ilustrative barcode:
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n 194
znn 399
DV 14:
Sequence: 660 bp
Composition: A (140), G (126), C (214), T (180)

CCCTTTATTTAGTATTTGGTGCCTGGGCCGGAATAGTAGGCACAGCCCTAAGCCTGCTTATCCGAGCAGAACTCAGCCAACCGGGCGCT
CTCCTTGGGGACGATCAGATCTATAATGTTATCGTTACTGCACATGCGTTTGTAATAATTTTCTTCATGGTAATACCAATCCTAATCGGC
GGCTTCGGAAACTGACTAGTGCCCCTAATGATTGGAGCTCCGGACATGGCATTCCCTCGAATGAACAACATGAGCTTTTGACTCCTTCC
CCCCTCCTTCCTCCTTCTCCTTGCCTCCTCAGGAGTTGAAGCCGGAGCTGGTACTGGATGAACCGTTTACCCCCCTCTAGCCGGGAATCT
GGCCCACGCAGGGGCATCCGTTGACCTAACCATCTTCTCCCTCCACCTGGCAGGTGTTTCCTCAATTCTTGGGGCAATTAACTTCATCAC
AACAATCATTAACATGAAACCCCCCGCTATTTCCCAATATCAGACCCCCTTATTCGTCTGATCCGTCCTAGTTACCGCCGTTCTCCTCCT
GCTCTCCCTACCCGTTCTCGCCGCCGGCATTACAATGCTTCTTACAGATCGAAACCTAAACACCACCTTCTTCGACCCCGCCGGAGGAG
GTGACCCAATCCTGTATCAGCACCTTTTCTGAT

Ilustrative barcode:

n 1949
znn 399
FV 3:
Sequence: 660 bp
Composition: A (153), G (121), C (180), T (206)

CCCTTTATCTTGTATTTGGTGCTTGAGCCGGAATAGTAGGCACCGCCCTTAGCCTCCTGATCCGAGCAGAACTCAGCCAACCTGGCGCT
TTACTGGGGGACGACCAAATCTACAATGTTATCGTTACAGCACATGCATTTGTAATAATTTTCTTCATGGTCATGCCTATCATAATTGGA
GGCTTTGGAAATTGACTGGTTCCTCTAATAATTGGTGCCCCTGATATGGCTTTCCCTCGAATAAATAATATAAGCTTCTGATTACTTCCC
CCCTCTTTCCTTCTTCTCCTTGCTTCCTCAGGTGTAGAAGCAGGGGCCGGAACTGGTTGAACAGTTTATCCCCCCTTAGCGGGCAACCTG
GCACATGCAGGAGCATCAGTGGACCTAACCATCTTCTCCCTACATTTAGCAGGGGTATCCTCAATTCTTGGGGCCATTAATTTTATTACA
ACCATTATTAATATGAAACCCCCGGCCATCTCCCAGTATCAGACACCTTTATTTGTCTGAGCCGTTCTAATTACAGCAGTTCTACTTCTT
CTTTCTCTCCCAGTTTTAGCTGCCGGAATCACTATGCTTCTCACAGATCGAAATCTTAATACAACCTTCTTCGACCCTGCTGGCGGAGGG
GACCCTATTCTATACCAACACCTATTCTGAT

Ilustrative barcode:
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n 1949
20 399

FV7:

Sequence: 660 bp

Composition: A (154), G (121), C (180), T (205)
CCCTTTATCTTGTATTTGGTGCTTGAGCCGGAATAGTAGGCACCGCCCTTAGCCTCCTGATCCGAGCAGAACTCAGCCAACCTGGCGCT
TTACTGGGGGACGACCAAATCTACAATGTTATCGTTACAGCACATGCATTTGTAATAATTTTCTTCATGGTCATGCCTATCATAATTGGA
GGCTTTGGAAATTGACTGGTTCCTCTAATAATTGGTGCCCCTGATATGGCTTTCCCTCGAATAAATAATATAAGCTTCTGATTACTTCCC
CCCTCTTTCCTTCTTCTCCTTGCTTCCTCAGGTGTAGAAGCAGGGGCCGGAACTGGTTGAACAGTTTATCCCCCCTTAGCGGGCAACCTG
GCACATGCAGGAGCATCAGTGGACCTAACTATCTTCTCCCTACATTTAGCAGGGGTATCCTCAATTCTTGGGGCCATTAATTTTATTACA
ACCATTATTAATATGAAACCCCCGGCCATCTCCCAGTATCAGACACCTTTATTTGTCTGAGCCGTTCTAATTACAGCAGTACTACTTCTT

CTTTCTCTCCCAGTTTTAGCTGCCGGAATCACTATGCTTCTCACAGATCGAAATCTTAATACAACCTTCTTCGACCCTGCTGGCGGAGGG
GACCCTATCCTATACCAACACCTATTCTGAT

Ilustrative barcode:

194

200 99
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Appendix C — Matang Specimen Info

Spelcg"e" V“'I’[c)h" Collection Code|  Collectors | Collection Date Igg{mn S;"rgre 20""‘::' Sex | Reproduction | Life Stage| Extrainfo| Notes | Continent/Ocean | Country | State/Province|  Region Exactsite |7 c‘g’rg‘ nates| Elg‘égﬁ"’
BS1 BV1 TL5t3 Anna 2009-03-11 UM a a ‘Acentrogobius Tropical sand Gatu a UM Wa | wa Adut | s a ‘Andaman Sea Malaysia | Perak Matang Matang N: a
Fogelstrom caninus goby um (Malacca Strait) Mangrove 4°5101.1,
forrest :
10031135
DS6 DV6 TSl Anna 20090313 UM a a ‘Allenbatrachus Grunting Gatu a UM Wa | wa Adut | A a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom grunniens toadfish um (Malacca Strait) Mangrove 4°501417,
forrest E
10035376
DS7 DV7 TSl Anna 20090313 UM a a ‘Allenbatrachus Grunting Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom grunniens toadfish um (Malacca Strait) Mangrove 4°501417,
forrest E
100°3537.6
DS DVE TSl Anna 20090313 UM a a ‘Allenbatrachus Grunting Gatu a UM Wa | wa Adut | A a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom grunniens toadfish um (Malacca Strait) Mangrove 4°501417,
forrest E
100°3537.6
D59 DV9 TSl Anna 20090313 UM a a ‘Allenbatrachus Grunting Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom grunniens toadfish um (Malacca Strait) Mangrove 4°501417,
forrest :
10035376
DS10 DV10 TSl Anna 20090313 UM a a ‘Allenbatrachus Grunting Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom grunniens toadfish um (Malacca Strait) Mangrove 4°501417,
forrest E
100°3537.6
DS11 DViL TSl Anna 20090313 UM a a ‘Allenbatrachus Grunting Gatu a UM Wa | wa Adut | A a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom grunniens toadfish um (Malacca Strait) Mangrove 4°501417,
forrest E
10035376
ASa AVE TLst4 Anna 20090311 UM a a Ambassis Baldglassy Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom gymnocephalus um (Malacca Strait) Mangrove 4°5006.7,
forrest E
10029116
cs23 [SYFH] .82 Anna 2009-03-12 UM a a Anodontostoma Chacunda Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom chacunda gizzard shad um (Malacca Strait) Mangrove 4°50'35 8,
forrest :
10035505
cs1 Y TLst2 Anna 2009-03-12 UM a a Arits maculatus Spotted Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom catfish um (Malacca Strait) Mangrove 4°501330,
forrest E
10035476
cs3 o3 TLst2 Anna 2009-03-12 UM a a Arits maculatus Spotted Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom catfish um (Malacca Strait) Mangrove 4°501330,
forrest E
10035476
cs5 o5 T8tz Anna 2009-03-12 UM a a Arits maculatus Spotted Gatu a UM Wa | wa Adut | A a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom catfish um (Malacca Strait) Mangrove 4°501330,
forrest E
10035476
cS6 cV6 TLst2 Anna 2009-03-12 UM a a Arits maculatus Spotted Gatu a UM Wa | wa Adut | A a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom catfish um (Malacca Strait) Mangrove 4°501330,
forrest :
10035476
cs7 Y TLst2 Anna 2009-03-12 UM a a Arits maculatus Spotted Gatu a UM Wa | wa Adut | A a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom catfish um (Malacca Strait) Mangrove 4°501330,
forrest E
10035476
FS16 V16 53 Anna 2009-0412 UM a a Arits maculatus Spotted Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom catfish um (Malacca Strait) Mangrove 4°50'382,
forrest E
10029128
AST7 AVIT 54 Anna 20090311 UM a a Hexanematicitys | Sagor catfish Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom v um (Malacca Strait) Mangrove 4°50'973,
forrest E
100729108
cs2 o2 TLst2 Anna 20090312 UM a a Hexanematicitys | Sagor catfish Gatu a UM Wa | wa Adut | A a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom sagor um (Malacca Strait) Mangrove 4°501330,
forrest :
10035476
DS1 DV1 TSl Anna 20090313 UM a a Hexanematicitys | Sagor catfish Gatu a UM Wa | wa Adut | A a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom sagor um (Malacca Strait) Mangrove 4°501417,
forrest E
10035376
WS4 O T 54 Anna 20090413 UM a a Hexanematicitys | Sagor catfish Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom v um (Malacca Strait) Mangrove 4°50267,
forrest E
100729052
cs4 cva TLst2 Anna 2009-03-12 UM a a Crypiarivs Wa Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom truncatus um (Malacca Strait) Mangrove 4°501330,
forrest E
10035476




46

Spelcg"e" V“'I’[c)h" Collection Code|  Collectors | Collection Date Izg{m" S;"rgre Sex | Reproduction | Life Stage| Extrainfo| Notes | Contirent/Ocean | Country | State/Province|  Region Exactsite |7 C‘&;‘i nates Elg\éangm
DS3 DV3 TSl Anna 2009-03-13 UM a Wa Gatu a UM Wa | wa Adult | s a ‘Andaman Sea Malaysia | Perak Matang Matang N: a
Fogelstrom um (Malacca Strait) Mangrove 4°501417,
forrest :
100°3537.6
DS54 DV4 TSl Anna 20090313 UM a a Crypiarivs Wa Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom truncatus um (Malacca Strait) Mangrove 4°501417,
forrest E
10035376
HS1 V1 T 54 Anna 20090413 UM a a Crypiarivs Wa Gatu a UM Wa | wa Adut | A a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom truncatus um (Malacca Strait) Mangrove 4°50267,
forrest E
100729052
HS2 V2 T 54 Anna 20090413 UM a a Crypiarivs Wa Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom truncatus um (Malacca Strait) Mangrove 4°50267,
forrest E
100729052
FS12 iz 53 Anna 2009-04-12 UM a a ‘Arius oetik Wa Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom um (Malacca Strait) Mangrove 4°501382,
forrest :
10029128
FS13 13 53 Anna 2009-04-12 UM a a ‘Arius oetik Wa Gatu a UM Wa | wa Adut | A a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom um (Malacca Strait) Mangrove 4°501382,
forrest E
10029128
HS3 V3 T 54 Anna 20090413 UM a a ‘Arius oetik Wa Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom um (Malacca Strait) Mangrove 4°50267,
forrest E
100729052
DS2 DV2 TSl Anna 20090313 UM a a ‘Avius venosus Veined Gatu a UM Wa | wa Adut | A a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom catfish um (Malacca Strait) Mangrove 4°501417,
forrest E
100°3537.6
DS5 DV5 TSl Anna 20090313 UM a a ‘Arius venosus Veined Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom catfish um (Malacca Strait) Mangrove 4°501417,
forrest :
100°3537.6
FS17 17 53 Anna 2009-0412 UM a a ‘Arius venosus Veined Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom catfish um (Malacca Strait) Mangrove 4°501382,
forrest E
10029128
G52 ov2 53 Anna 20090413 UM a a ‘Avius venosus Veined Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom catfish um (Malacca Strait) Mangrove 4°50'382,
forrest E
10029128
G54 ova T 54 Anna 2009-0413 UM a a ‘Arius venosus Veined Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom catfish um (Malacca Strait) Mangrove 4°50267,
forrest E
100729052
BS6 BV6 .53 Anna 20090311 UM a a Butis Mudsieeper Gatu a UM Wa | wa Adut | A a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom koilomatodon um (Malacca Strait) Mangrove 4°51577,
forrest :
10031200
cs17 cvi7 .52 Anna 2009-03-12 UM a a Butis Mudsleeper Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom koilomatodon um (Malacca Strait) Mangrove 4°50'35 8,
forrest E
10035505
FS11 Vil 53 Anna 2009-0412 UM a a Carangidae spp. Wa Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom um (Malacca Strait) Mangrove 4°50'382,
forrest E
10029128
FS14 14 53 Anna 2009-04-12 UM a a Carangidae spp. Wa Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom um (Malacca Strait) Mangrove 4°50'382,
forrest E
10029128
cs18 cvis .82 Anna 2009-03-12 UM a a Chelonodon Milkspotted Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom patoca puffer um (Malacca Strait) Mangrove 4°50'35 8,
forrest :
10035505
cs19 cvis .52 Anna 2009-03-12 UM a a Chelonodon Milkspotted Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N: a
Fogelstrom patoca puffer um (Malacca Strait) Mangrove 4°50'35 8,
forrest E
10035505
€520 cv20 .82 Anna 2009-03-12 UM a a Chefonodon Milkspotted Gatu a UM Wa | wa Adut | A a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom patoca puffer um (Malacca Strait) Mangrove 4°50'35 8,
forrest E
10035505
ESS5 EVS TS5 Anna 2009-04-12 UM a a Chelonodon Milkspotted Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom patoca puffer um (Malacca Strait) Mangrove 4°50019,
forrest E
100729101
ES6 EV6 TS5 Anna 2009-04-12 UM a a Chefonodon Milkspotted Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom patoca puffer um (Malacca Strait) Mangrove 4°50019,
forrest :
100729101




47

Spelcg"e" V“'I’[c)h" Collection Code|  Collectors | Collection Date Izg{m" S;"rgre Sex | Reproduction | Life Stage| Extrainfo| Notes | Contirent/Ocean | Country | State/Province|  Region Exactsite |7 c‘&;“ nates| Elg\éanzm
AS9 AVY T2.5u4 Anna 2009-03-11 UM a Cynoglossus Long tongue Gatu a UM Wa | wa Adult | s a ‘Andaman Sea Malaysia | Perak Matang Matang N: a
Fogelstrom lingua sole um (Malacca Strait) Mangrove 4°50225,
forrest :
100729062
AST5 AVI5 54 Anna 20090311 UM a a Cynoglossts Long tongue Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom lingua sole um (Malacca Strait) Mangrove 4°50'973,
forrest E
10029108
AST6 AVI6 T84 Anna 20090311 UM a a Cynoglossus Long tongue Gatu a UM Wa | wa Adut | A a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom lingua sole um (Malacca Strait) Mangrove 4°50'973,
forrest E
100729108
AS18 AVIE T84 Anna 20090311 UM a a Cynoglossus Long tongue Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom lingua sole um (Malacca Strait) Mangrove 4°50'973,
forrest E
100729108
AS19 AVI9 54 Anna 20090311 UM a a Cynoglossus Long tongue Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom lingua sole um (Malacca Strait) Mangrove 4°50'973,
forrest :
100729108
AS14 AVIE T84 Anna 20090311 UM a a Terapon theraps Largescaled Gatu a UM Wa | wa Adut | A a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom terapon um (Malacca Strait) Mangrove 4°50'373,
forrest E
10029108
759 ) TS5 Anna 2009-04-12 UM a a Gerres Deep-bodied Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom erythrourus mojarra um (Malacca Strait) Mangrove 4°50019,
forrest E
100729101
FS15 15 453 Anna 2009-0412 UM a a Gerres Whipfin Gatu a UM Wa | wa Adut | A a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom filamentosus silver-biddy M (Malacca Strait) Mangrove 4501382,
forrest E
10029128
D512 V12 TSl Anna 20090313 UM a a Glossogobiusspp. | 1a Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom um (Malacca Strait) Mangrove 4°501417,
forrest :
100°3537.6
AS2 AV2Z TLst4 Anna 20090311 UM a a Johnius belangerii | Belanger's Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom croaker um (Malacca Strait) Mangrove 4°50106.7,
forrest E
10029116
753 AV3 TLst4 Anna 20090311 UM a a Johnius belangerii | Belanger's Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom croaker um (Malacca Strait) Mangrove 4°5006.7,
forrest E
10029116
AS6 AVE .54 Anna 20090311 UM a a Johnius belangerii | Belanger's Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom croaker um (Malacca Strait) Mangrove 4°50225,
forrest E
100729062
AST AVT .54 Anna 20090311 UM a a Johnius belangerii | Belanger's Gatu a UM Wa | wa Adut | A a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom croaker um (Malacca Strait) Mangrove 4°50225,
forrest :
100729062
AS8 AVE .54 Anna 2009-03-11 UM a a Johnius belangerii | Belanger's Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom croaker um (Malacca Strait) Mangrove 4°50225,
forrest E
100729062
D523 DV23 .51 Anna 20090313 UM a a Johnius belangerii | Belanger's Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom croaker um (Malacca Strait) Mangrove 4°501416,
forrest E
10035442
D524 DV24 .81 Anna 20090313 UM a a Johnius belangerii | Belanger's Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom croaker um (Malacca Strait) Mangrove 4°501416,
forrest E
10035442
DS25 DV25 .51 Anna 20090313 UM a a Johnius belangerii | Belanger's Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom croaker um (Malacca Strait) Mangrove 4°501416,
forrest :
10035442
AST AVI TLst4 Anna 2009-03-11 UM a a Johnius carouna Caroun Gatu a UM Wa | Sexual Adut | s a Andaman Sea Malaysia | Perak Matang Matang N: a
Fogelstrom croaker um (Malacca Strait) Mangrove 4°50106.7,
forrest E
10029116
AS20 AV20 T84 Anna 20090311 UM a a Johnius carouna Caroun Gatu a UM Wa | wa Adut | A a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom croaker um (Malacca Strait) Mangrove 4°50'97.3,
forrest E
100729108
BS2 BV2 S Anna 20090311 UM a a Johnius carouna Caroun Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom croaker um (Malacca Strait) Mangrove 4°51011,
forrest E
10031135
BS3 BV3 .53 Anna 20090311 UM a a Johnius carouna Caroun Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom croaker um (Malacca Strait) Mangrove 4°50%573,
forrest :
10031171
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DS17 DV17 TSl Anna 2009-03-13 UM a Johnius carouna Caroun Gatu a UM Wa | wa Adult | s a ‘Andaman Sea Malaysia | Perak Matang Matang N: a
Fogelstrom croaker um (Malacca Strait) Mangrove 4°501417,
forrest :
100°3537.7
cs21 cval .82 Anna 2009-03-12 UM a a Johnius weberi Weber's Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom croaker um (Malacca Strait) Mangrove 4°50'35 8,
forrest E
10035505
DS18 DV18 TSl Anna 20090313 UM a a Johnius weberi Weber's Gatu a UM Wa | wa Adut | A a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom croaker um (Malacca Strait) Mangrove 4°501417,
forrest E
10035378
DS19 DV19 .81 Anna 20090313 UM a a Johnius weberi Weber's Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom croaker um (Malacca Strait) Mangrove 4°501416,
forrest E
10035442
D520 DV20 .81 Anna 20090313 UM a a Johnius weberi Weber's Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom croaker um (Malacca Strait) Mangrove 4°501416,
forrest :
10035442
DS21 Dv2l .51 Anna 20090313 UM a a Johnius weberi Weber's Gatu a UM Wa | wa Adut | A a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom croaker um (Malacca Strait) Mangrove 4°501416,
forrest E
10035442
D522 Dv22 .81 Anna 20090313 UM a a Johnius weberi Weber's Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom croaker um (Malacca Strait) Mangrove 4°501416,
forrest E
10035442
FS5 V5 TS5 Anna 2009-0412 UM a a Johnius weberi Weber's Gatu a UM Wa | wa Adut | A a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom croaker um (Malacca Strait) Mangrove 4°50019,
forrest E
100729101
FS10 V10 53 Anna 2009-04-12 UM a a Johnius weberi Weber's Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom croaker um (Malacca Strait) Mangrove 4°501382,
forrest :
10029128
FS19 V19 53 Anna 2009-0412 UM a a Johnius weberi Weber's Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom croaker um (Malacca Strait) Mangrove 4°501382,
forrest E
10029128
520 V20 53 Anna 2009-0412 UM a a Johnius weberi Weber's Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom croaker um (Malacca Strait) Mangrove 4°50'382,
forrest E
10029128
FS21 V2l 53 Anna 2009-04-12 UM a a Johnius weberi Weber's Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom croaker um (Malacca Strait) Mangrove 4°501382,
forrest E
10029128
Gs3 ov3 453 Anna 20090413 UM a a Johnius weberi Weber's Gatu a UM Wa | wa Adut | A a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom croaker um (Malacca Strait) Mangrove 4°501382,
forrest :
10029128
ES4 EVa TLst5 Anna 2009-04-12 UM a a Mystus gulio Long Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom whiskers um (Malacca Strait) Mangrove 4°50019,
catfish forrest E
100729101
€16 cVie .82 Anna 2009-03-12 UM a a Greochromis Nile tilapia Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom niloticus um (Malacca Strait) Mangrove 4°50'35 8,
forrest E
10035505
FS18 V18 53 Anna 2009-04-12 UM a a Osteogeneiosus Soldier Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom militaris catfish um (Malacca Strait) Mangrove 4°50'382,
forrest E
10029128
cs15 cVis .82 Anna 2009-03-12 UM a a Pomadasys Javelin Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom kaakan grunter um (Malacca Strait) Mangrove 4°50'35 8,
forrest :
10035505
DS13 DV13 TSl Anna 2009-03-13 UM a a Pomadasys Javelin Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N: a
Fogelstrom kaakan grunter um (Malacca Strait) Mangrove 4°501417,
forrest E
100°3537.6
DS14 DVia TSl Anna 20090313 UM a a Pomadasys Javelin Gatu a UM Wa | wa Adut | A a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom kaakan grunter um (Malacca Strait) Mangrove 4°501417,
forrest E
10035376
DS15 DV15 TSl Anna 20090313 UM a a Pomadasys Javelin Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom kaakan grunter um (Malacca Strait) Mangrove 4°501417,
forrest E
10035376
FS1 V1 TS5 Anna 2009-04-12 UM a a Pseudotriacantius | Long-spined Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom strigilifer tripodfish um (Malacca Strait) Mangrove 4°50019,
forrest :
100729101




49

Spelcg"e" V“'I’[c)h" Collection Code|  Collectors | Collection Date Izg{m" S;"rgre Sex | Reproduction | Life Stage| Extrainfo| Notes | Contirent/Ocean | Country | State/Province|  Region Exactsite |7 c‘&;“ nates| Elg\éanzm
Fs2 V2 L85 Anna 2009-04-12 UM a Pseudotriacanthus | Long-spined Gatu a UM Wa | wa Adult | s a ‘Andaman Sea Malaysia | Perak Matang Matang N: a
Fogelstrom strigilifer tripodfish um (Malacca Strait) Mangrove 4°50019,
forrest :
100729101
753 w3 TS5 Anna 2009-04-12 UM a a Pseudotriacantius | Long-spined Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom strigilifer tripodfish um (Malacca Strait) Mangrove 4°50019,
forrest E
100729101
54 w4 TS5 Anna 2009-0412 UM a a Pseudotriacantius | Long-spined Gatu a UM Wa | wa Adut | A a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom strigilifer tripodfish um (Malacca Strait) Mangrove 4°50019,
forrest E
100729101
756 V6 TS5 Anna 2009-04-12 UM a a Pseudotriacantius | Long-spined Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom strigilifer tripodfish um (Malacca Strait) Mangrove 4°50019,
forrest E
100729101
57 7 TS5 Anna 2009-04-12 UM a a Pseudotriacantius | Long-spined Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom strigilifer tripodfish um (Malacca Strait) Mangrove 4°50019,
forrest :
100729101
cs8 cvE TLst2 Anna 20090312 UM a a Scatophagus Spotted scat Gatu a UM Wa | wa Adut | A a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom argus um (Malacca Strait) Mangrove 4°501330,
forrest E
10035476
[ oo TLst2 Anna 20090312 UM a a Scatophagus Spotted scat Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom argus um (Malacca Strait) Mangrove 4°501330,
forrest E
10035476
€10 cV1i0 T8tz Anna 2009-03-12 UM a a Scatophagus Spotted scat Gatu a UM Wa | wa Adut | A a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom argus um (Malacca Strait) Mangrove 4°501330,
forrest E
10035476
et ovil TLst2 Anna 2009-03-12 UM a a Scatophagus Spotted scat Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom argus um (Malacca Strait) Mangrove 4°501330,
forrest :
10035476
cs12 oviz .82 Anna 2009-03-12 UM a a Scatophagus Spotted scat Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom argus um (Malacca Strait) Mangrove 4°50'35 8,
forrest E
10035505
cs13 ovi3 .82 Anna 2009-03-12 UM a a Scatophagus Spotted scat Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom argus um (Malacca Strait) Mangrove 4°50'35 8,
forrest E
10035505
cs1a cvi4 .82 Anna 2009-03-12 UM a a Scatophagus Spotted scat Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom argus um (Malacca Strait) Mangrove 4°50'35 8,
forrest E
10035505
DS26 DV26 .81 Anna 20090313 UM a a Scatophagus Spotted scat Gatu a UM Wa | wa Adut | A a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom argus um (Malacca Strait) Mangrove 4°501416,
forrest :
10035442
DS27 Dv27 251 Anna 2009-03-13 UM a a Scatophagus Spotted scat Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom argus um (Malacca Strait) Mangrove 4°501416,
forrest E
10035442
D528 DV28 .51 Anna 20090313 UM a a Scatophagus Spotted scat Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom argus um (Malacca Strait) Mangrove 4°501416,
forrest E
10035442
EST EVL TS5 Anna 2009-04-12 UM a a Scatophagus Spotted scat Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom argus um (Malacca Strait) Mangrove 4°50019,
forrest E
100729101
ES2 EV2 TS5 Anna 2009-0412 UM a a Scatophagus Spotted scat Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom argus um (Malacca Strait) Mangrove 4°50019,
forrest :
100729101
ES3 EV3 TLst5 Anna 2009-04-12 UM a a Scatophagus Spotted scat Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N: a
Fogelstrom argus um (Malacca Strait) Mangrove 4°50019,
forrest E
100729101
FS8 Ve TS5 Anna 2009-0412 UM a a Scatophagus Spotted scat Gatu a UM Wa | wa Adut | A a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom argus um (Malacca Strait) Mangrove 4°50019,
forrest E
100729101
GS1 ov1 53 Anna 20090413 UM a a Scatophagus Spotted scat Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom argus um (Malacca Strait) Mangrove 4°50'382,
forrest E
10029128
DS16 DV16 TSl Anna 20090313 UM a a Siganus White-spotted Gatu a UM Wa | wa Adut | s a Andaman Sea Malaysia | Perak Matang Matang N a
Fogelstrom canaliulatus spinefoot um (Malacca Strait) Mangrove 4°501417,
forrest :
100°3537.6
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Specimen | Vousher | Goyieetion Coce|  Gollectors | Golection Date | 10 | Sample Sex | Reproduction | LifeStage| Extralnfo| Notes | Contirent/Ocean | Country | State/Province|  Region ExactSite | 7S °°(I"_r")" ates Elevation)
CS24 CVv24 T2,5t.2 Anna 2009-03-12 um n/a Stolephorus spp. nla Gatu n/a um n/a n/a Adult n/a n/a ‘Andaman Sea Malaysia Perak Matang Matang N: n/a
Fogelstrom um (Malacca Strait) Mangrove 4°50'35 8,
forrest -
100°35'50.5
CS25 CV25 T2,5t.2 Anna 2009-03-12 um n/a n/a Stolephorus spp. nfa Gatu n/a um n/a n/a Adult n/a n/a ‘Andaman Sea Malaysia Perak Matang Matang N: nfa
Fogelstrom um (Malacca Strait) Mangrove 4°50'35 8,
forrest E:
100°35'50.5
CSs22 Cv22 T2,5t.2 Anna 2009-03-12 um n/a n/a Thryssa Kamm Gatu n/a um n/a n/a Adult n/a n/a ‘Andaman Sea Malaysia Perak Matang Matang N: n/a
Fogelstrom kammalensis thryssa um (Malacca Strait) Mangrove 4°50'35 8,
forrest E:
100°35'50.5
AS10 AV 10 T3,5t.4 Anna 2009-03-11 um n/a n/a Trypauchen nfa Gatu n/a um n/a n/a Adult n/a n/a ‘Andaman Sea Malaysia Perak Matang Matang N: nfa
Fogelstrom vagina um (Malacca Strait) Mangrove 4°50'373,
forrest E:
100°29'10.8
AS11 AV11 T3,5t.4 Anna 2009-03-11 um n/a n/a Trypauchen nfa Gatu n/a um n/a n/a Adult n/a n/a ‘Andaman Sea Malaysia Perak Matang Matang N: nfa
Fogelstrom vagina um (Malacca Strait) Mangrove 4°50'373,
forrest -
100°29'10.8
AS12 AV12 T3,5t.4 Anna 2009-03-11 um nfa n/a Trypauchen nla Gatu n/a um n/a n/a Adult n/a n/a ‘Andaman Sea Malaysia Perak Matang Matang N: n/a
Fogelstrom vagina um (Malacca Strait) Mangrove 47501373,
forrest E:
100°29'10.8
AS13 AV13 T3,5t.4 Anna 2009-03-11 um n/a n/a Trypauchen nfa Gatu n/a um n/a n/a Adult n/a n/a ‘Andaman Sea Malaysia Perak Matang Matang N: nfa
Fogelstrom vagina um (Malacca Strait) Mangrove 4°50'373,
forrest E:
100°29'10.8
BS4 BV4 T2,5t.3 Anna 2009-03-11 um n/a n/a Trypauchen nfa Gatu n/a um n/a n/a Adult n/a n/a ‘Andaman Sea Malaysia Perak Matang Matang N: n/a
Fogelstrom vagina um (Malacca Strait) Mangrove 4°50'573,
forrest E:
100°31'17.1
BSS5 BVS T2,5t.3 Anna 2009-03-11 um n/a n/a Trypauchen nfa Gatu n/a um n/a n/a Adult n/a n/a ‘Andaman Sea Malaysia Perak Matang Matang N: nfa
Fogelstrom vagina um (Malacca Strait) Mangrove 4°50'573,
forrest -
100°31'17.1
BS7 BV7 T3,5t.3 Anna 2009-03-11 um n/a n/a Trypauchen nfa Gatu n/a um n/a n/a Adult n/a n/a ‘Andaman Sea Malaysia Perak Matang Matang N: nfa
Fogelstrom vagina um (Malacca Strait) Mangrove 4°51577,
forrest E:

100°31200
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Spcies Common name Class Order Family
Acentrogobius caninus Tropical sand goby Actinopterygii Perciformes Gobiidae
Allenbatrachus grunniens Grunting toadfish Actinopterygii Batrachoidiformes Batrachoididae
Ambassis gymnocephalus Bald glassy Actinopterygii Perciformes Ambassidae
Anodontostoma chacunda Chacunda gizzard shad Actinopterygii Clupeiformes Clupeidae
Arius maculatus Spotted catfish Actinopterygii Siluriformes Ariidae
Hexanematichthys sagor Sagor catfish Actinopterygii Siluriformes Ariidae
Cryptarius truncatus n/a Actinopterygii Siluriformes Ariidae
Arius oetik n/a Actinopterygii Siluriformes Ariidae
Arius venosus Veined catfish Actinopterygii Siluriformes Ariidae
Butis koilomatodon Mud sleeper Actinopterygii Perciformes Eleotridae
Carangidae spp. n/a Actinopterygii Perciformes Carangidae

Chelonodon patoca

Milkspotted puffer

Actinopterygii

Tetraodontiformes

Tetraodontidae

Cynoglossus lingua

Long tongue sole

Actinopterygii

Pleuronectiformes

Cynoglossidae

Terapon theraps

Largescaled terapon

Actinopterygil

Perciformes

Terapontidae

Gerres erythrourus Deep-bodied mojarra Actinopterygil Perciformes Gerreidae
Gerres filamentosus Whipfin silver-biddy Actinopterygil Perciformes Gerreidae
Glossogobius spp. n/a Actinopterygii Perciformes Gobiidae
Johnius belangerii Belanger's croaker Actinopterygii Perciformes Sciaenidae
Johnius carouna Caroun croaker Actinopterygii Perciformes Sciaenidae
Johnius weberi Weber's croaker Actinopterygii Perciformes Sciaenidae
Mystus gulio Long whiskers catfish Actinopterygii Siluriformes Bagridae
Oreochromis niloticus Nile tilapia Actinopterygii Perciformes Cichlidae
Osteogeneiosus militaris Soldier catfish Actinopterygii Siluriformes Ariidae
Pomadasys kaakan Javelin grunter Actinopterygii Perciformes Haemulidae

Pseudotriacanthus strigilifer

Long-spined tripodfish

Actinopterygii

Tetraodontiformes

Triacanthidae

Scatophagus argus

Spotted scat

Actinopterygii

Perciformes

Scatophagidae

Siganus canaliculatus White-spotted spinefoot Actinopterygii Perciformes Siganidae
Stolephorus spp. n/a Actinopterygii Clupeiformes Engraulidae
Thryssa kammalensis Kammal thryssa Actinopterygii Clupeiformes Engraulidae
Trypauchen vagina n/a Actinopterygii Perciformes Gobiidae




